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Abstract

This paper reprts the esults of t_he third of a series of collaborative
studies examining how dung children acquire the skills to represent. and
solVe verbal addition d subtraction problems. The purpose of this
study'was to_relatechildren's cognitive processing capabilities and
their grade level io±:their performance and to the strategies they used
when 'working-addition and subtraction problems.

From two sets of dhtawhich'assessed memory capacity, and cognitive pro-
cessing capacities, wi identified six groups of children with different
specific cognitive characteristics. For a sample of §4,, Children in
five classes at GrAdes 1, 2,_and.3 were_selected-aff&interviewed as they
worked a Set:of addition and subtEaction problems. Each child watg inter-
viewed-ion three,occasions.- Each interview consisted of six tasks given
unde-rfour_of six conditions. Codes for three or four categories were
assigned to ea6h child's_response: model used, correctness, strategy,
error, `and if intorredt._ These-data Were then summarized in terms .of
percent correct and=general strategy.

.,

For both percent correct and strategy used, there were. important varia-
tions due to Rzoblem-setAsize of number), to specific task, to instruction
-over time,and,to'gra-de. However, what is clear is that children who diffef
in cognitive processing capacity consistently. performed differently regard-

' less of the other important factors. ,

4
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Collis' extensive work in cognitive development (for example, see_Solals &

. Biggs, 1979). The classroom engagement ideas stem from Professor Romberg's

t

research on teaching (see Romberg, Small, & CaFnahan, 1979).

This paper reports the results from one of a series of related,

c_ollaborative studies carried out in Sandy,Bay, Tasmania, Australia,

-lin'1979 and 1980. .In those'studies, we examined'.how young children'

acquire the skill's to represent and solve a variety of verbal addition

and subtraction problems. We assumed that the evolution'Of children's

performance on addition-and subtraction tasks must be related-bothlto

'their cognitive abilities and to their engagement in related instruc-
,

.tional activities.. The purpose of the study reported in this paper

was to' relate the children's cognitive capacity and their grade level

. to their performance and to the strategies they used when working

'addition and subtraction problems.

The.Colla/ borative Studies

This series of studies s jointly funded by the Research Committee

of the Graduate c ol at the University.of Wisconsin, the University

of Wis sin-Research and Deyelopment Center for Individualiz ed Schooling,

.and the University of Tasmania. The principal investigators of the Q.

studies brought-different backgrounds and skills to'this collaborative

.effort. The identification of cognitive abilities grows out of Professor

Y

40.

4
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The straegy.adopted for the sequence of collaborative studies has

o_
---- _

i

five, steps:
, I

1. Identify "k-space" for a population of children.of ages 4 -43.

P \ . Iv .

2. Identify "cognitive processing,capabilities" lor the same set

of children.

3. Fronr(1) and (2) identify a well. defined set of children with

specific cognitive characteristics.

/, 4. From (3) identify.a2sample of children and observe their enga0-

ment in instructional activities on related tasks fot three months.

t5. Repeatedly measure,,on three occasions over the three month

period, the sample's performance and note the strategies they use with

'addition and subtractio_ pzob1em

This procedure will allow us to relate ormaace at a given time .

(internisoklevelachievedandstptegy,adopted) to t hild's cognitive
.

.7E. .
-,..

.

capability.and to spe/cific set of instructional activitIls the child has

been engaged with. In this way, we can consider various questions about

change in performance and strategy anti their possible Causes.

This Study .','

The importance of knowing how children learnthe concepts of:proceddres

-a addition, and subtraction should be self-evident'. AlsO, it is frequently

assumed that children must first master those compdtational skills and.

then begin to soAve addition and subtraction problems. However it has

been clearly demonstrated that children develop a variety of strategies

for solving mathematical problems independent of instruction (c.f.,.

Ginsburg, 1977; Resnick,,1978; Carpenter, & Moser, 1979). In fact, many

13 4
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of the strategies they use are more sophisticated and demonstrate mote

insight than the procedures that are taught. This raises q6estions
1

abdut the relationships, of children's instructional experience and'

their capacity to their performance and their selection of strategi6s.

The, popu1Ition of children examined in the previous 'studies in

this serieb (Romberg & Collis, 1980a; 1980b) 1-4;?e clinically interviewed

on three occasions over a three month period.in 1980 (February 27-29,

April 9-711, and May 26-28). In each intervieW,,a set of verbal problems
O

was given to each student. Each child's performance and strategies were

ss

coded by the interviewer. This report presents the data from those
if I

ihterviews. 7

Cognitive Capacity

:To identify children with differing cognitive capacities, a three-'

.

step procedure was followed. First, we identified memory capacity-

(M-gPace) for a population of children of ages 4-8 (Romberg & Collis,

1980a). FourM-space testslwere administered.

Se4nd, we identified cognitive processing capabilities for the

same set,of childrei,,(Romberg & Collis, 1980b). Fifteen different tests

were giv41,n. From a factor analysis of those scores, a quantitative

h
factor, a\qualitative correspondence factor, and a logical reasoning

factor were identified. '

A

)Third, from both sets of data,.we identified six groups of children

with different specific cognitive characteristics. A cluster analysis

procedure was used to group the children.

Cognitive Level 1 children operate at M-space Level 1, are capable

r
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if

/

of handling, qualitative comparisons and transformations at a *aerate
-

level;and are incapable of dealing wit quantitative tasks or logical
-

. . . ..,7

-reat00 : Cognitive'LeV 2 children operate at M-space Level 2,
.

. .
.

a children
C

, ,, .. 6
, i

/
handkequalitative corteppondence fasks,

\,:
and cannot handle quantitative

: -

.. / % .

and logical skills (but were cqnsiderkbly better than Group 1 on all

tasks)., Cognitive Leve1,3 children also operate at M-space Level 2,

,---are-high on qualitative correspondence, have developd8 the specific
-

counting skills of counting-on and counting-back, are inadequate in

their use of thoseicounting skills on transitive reasoning, and Ore
4

inadequate on logical'reasoning. Cognitive Level 4 children operate

.
,

. ,

at---14-spag-i-Level 3 are 111'0, on qualitative correspondence and a14. the

a .

quantitative,testp;,but are inadequate on the logical reasoning test.

Cognitive Levels 5 and 6 are at MlIpace iJevels 3 and 4They. teach thi
. .

.

.

f ceiling ton the.qualitaCiye correspondence tests,, have very high scores

omen the quantitative tests, and also are high on logical reasoning.

Because these latter two groups were both small,included only
C

third graBers,and displayed no differences in cognitive processing

scores, the interview datavforthese groups have been combined. The

number of children selected to'be interviewed in each group of children

for each grade is shown in Table 1. Our intent was to have a sample of
c

two to four students from each cognitive level. We began with rosters

of students from each grade-and their cognitive level. Then an initial

selection of students was made. However,' after achool began, some.'

'4
0

students originally iniltit class were switched to another. The student's

by cognitive level-and class in thisatuay are shown in Table 1.

,rd

4
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Table 1
WM,

,

Gliildren,inEach Cluster GroUp in Each Class'

Cognitive
Level

Sa-dy Bay 'Infant School

2

Class
3 k 4, 5

5

Waimea Heights Primary School

Grade 1 Giede 2 Grade 3 Grade 3

2

3

4

5,6

3

1

0

2

6

2

0

0

0

2

3

64.

0

4
1-

3

3

1.

0!

3'

3

.3

Totals 7 10 11 9

Interview Tasks
. -

An interview consisted ot six problem types .(tasks) given under four

of six conditions. The six types included two_, problems solvable by addl.-

tion of the two given numbers and four problems solvable by subtraction

of the two given number*. The characterization for these six problem-
-

types is detailed in Moser.(1979) and in Carpenter and Moser (1979).

.- ---
Table 2 presents representative problems in the order in Which the

problems were administered to the children. The actual wording for each ,

pyoblem type_differed_in the-four conditions, but the semantic structure

remained conetant.,
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6

c

! 1.. .
,

., .

Within each °problem, two of thee numbers from a number triple (x,

a) defined by x y z,E x <y <bz," Were given. In the two addition

o
problems x, y were presented, with the smaller number x always given

-)

-first. In. the'four lootraction problems, a and the larger'addend y v.._

_,

were presented.. piell..0 der of presentation of y,and a varied among 'probs..

lem types.
0

. The six problem types used were presented tinder six conditions. Four
_

coneitions 'result from crossing smaller numbers_vs. larger numbers with -,

e,
_

. . . 4-

presence vs. absence of manipulative materials,. Figul'e 1-shoWs thede-
, -

-, 1 --

four conditions with the fabelsrasaigned to them: In the smaller number

)

.

problems was<""(the-B problemS), t .e addition guideline of 5 -.4' z 9

imposed. In the larger- number problems (the "C" problems) the restric-.
- t -

tion_on the sum-was 11 <-x < 15.
_

For. the interviews with third gkade children, .the
7

numbers was included.
_

fled. In the_firstno

-4= 0

determine a difference

. .

domain, of 2-digit _

,

.

-----
In the 2-digit domain, two sub -domains were id ent i-

.

tegrouping (borrowing., or' carrying) is required to

.

or sum when a computatlonal algorithm is used. In
._

a , , .

the second oubrdomain, regrouping is.-required, The no-regrouping bet is

--. % 7
. o

called_the "D"_ problereelet while the regrouping set is referred

4-
the "E" problems. =For-the two"-digit problems, the

- -
to_number6 inthe_20s=and30s.

Di and -E

IntekView-Idethod-

-Three=trainedinterviewers=(see Martin & Mosery 19$0, for details

SUM z

to as "

is restricted

A11 third-grade children took the C,

of interviewer- training and reliability) administered the interviews.

"Ir.

77-
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Task 1. .Joining (Addition)

Task`

.Table 2

.
Rep Problem'

Separating /(Subtraction)

Task Part4art-Whole
lissing addend-(Subtrac-

4 4
t104)

1,
Task*. Pa rt-.PartWhale

(Additi-cin) =

Task 5. Comparison (Subtraction)

";ask 6. -Joining Missing _Addend

Oul;traction)-.

Types

Pam had 3- shells. Her brother gave
her 6 more shells. How many shells'
did- Fam. have altogether?

Jenny had 7 erasers. She gave 5

eraser's ;to Ben. How Many erasers
did Jenny h ve left?

There are 5 fish-in a bowl. 3 are:

striped and thevrest are spotted.
How nianyi spotted fish are_ in the

bowl?

Matt has -2 bastball Cards: He also-
° has -4_ football How many cards'
does Matthave,aitoiether?

Angie has 4 lady-_,bugs.= Her brother_

_7 Todd_ has- 7:lady -bugs _ _Hpw-_many --more

-lady bugs- does _ Todd-_haVe than kngie? z
'

Gene has 5 marshmallOws. How many '4

more,iniarahmallows .does he have to put

with-them so he has, 8 !marshmalloWs

altogether?

Nuiber Size

smaller= larger

With

thoutl- C- -.

. Figure 1. Conditions for nonsymboliejproblem types.

e
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One interviewer worked at SIndy Bay Infant School and the other two at

Waimealleights Primary School. Each interviewer was able io-conduct
- , . -- .

8 -to 12 interviews in a day, depending on
t

the schools' schedules and
._....

on the task level. (Level C tasks took longer than Level B-tasith.)

.

At the schoolS, the.interviewqrS were assigned interview-areas, which,

for the most part, were quiet rooms separate from dis tranting

The verbal tasks were read and reread to the child as often as necessary
_ _

so'that remembering the given numbers or relationships caused no diffi-
. .

culty. Aa individual.interiliew required two sessions, one for the B

tasks ancL_ the-Other for -C taskw(or one for the C and the other for

D and E). The-sessions lasted 15 -25 minutes each, with each child

receiving the same sgquence of problems. No child was interviewed

twice in one day-.

Coding Subject Responses --

--All of the possible codings of student tesponses are presented in
. ,

.

detafn in Cookson and Moser (1980). Only albrIef description is pre-

-- 1

sented here.' The coding sheet upon which responses were recorded is

AK
shown in Figurtc2._ Three or four_elements were.coded for'each.cha0

model used, correctness, strategy, and if incorrect, error.- The

codes used were

Model ,

C The child-used cubes to model (all or part.Of) the problem.

F The-child used fingers to model.

N The_ Child-Used.no physical model.

O The child_used some other physical model, such as chairs,.

_

numerals on a clock face.
0
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H+ The child" writes a, horizontal addition tsentence.

.
...-

- 1

._ .

\

V+
_

,The fhild.writes vertical addition sentence.'
. .

\

vertical

The c d-writes tally marks.

. 1

-The_chi d writes A horizontal' subtraction

T

senten Co./

V The child, writes_a vertical subtraction sentence.

P

Correctness

The gild _draws a picture (or quasi- picture).

The-child-dia.,/s an-organizing box.

The child writes nqgbers.

The answer

The answer

UN Uncodable:

was unable

Strategies

CS s The

was correct. 1Z4-

was not correct.

The.childgave an answer, but the interviewer

to identify the strategy.used.

O

. .
child- counts on from smaller.

CL The child counts on froi larger.

child.sUbitizesS The

CA The child

F The

counts all.

child separates
#
fr0m.

The child separates to.

MAC The child matches.-

AO The child adds-on.

DF The child counts down from.

`DT The child counts dm & to.

UG The child Counts up from given.

HU The thifduses a heuristic.
I

-I



. k
IF The chit! preSents a number fact.

OP The child uses a wrong, operation.

The'child uses an algorithm.
4.41 4\ .1,

AA The child uses an additive algorithm.

AL1OP:The child uses an algorithmNith: 'wrong operation.

, 6- " ,
.AAJoe- The child uses an additive algorithm with wrong operation.

'- -_ ,/:
: - .

QCS, ' The child uses-a quasi=heuristic-related to CS.

4
5'

QCL . The _child uses a quasi-heuristic related to CL.

,i-

(A The chili uses quasi-heuristic related to CA:

. ,. --QDF ,The_-chili-uses a_quasi-heuristic related to.DF.

QDT The child,Uses:S quasiheuristicArelsted to DT.

. .

. ,QUG The child uses a quasi- heuristic related, to0,

.

,

UN . The child's response:was uncodable.
. .. .

?' The child whit-confused..

Eribrs
J

M. .The child miscounts.

CI 'The child repeategigerenumber.

F . The child forgets data.
'. \ ,

. ,

. 0 The child-uses. wrong operation.
.

:

S The child'Uses wi.song sentence.'

A , The child uses wrong anilysis:

.
. t.,

BC., The child makes A computatipnal errok.

r,

4

,
CO The _child" makes a-basicJact error. . 0

...

The child" makes's representational error.

4

O
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t
individual,' Student Profiles

Q.

.

. !

A record of *ach oubjiect's respo...nse to the tasks ras compiled from
°'

the coding shi;ets.. These profiles are the basis for all other statisti-

Ilk _

4

. cal information appearing in thig paper. The profiles for all subjects
. _

.1 . .
. 0

t are _contained in Appendix-D. +Figure 3 provides an example of.a student.

profile.- For each task'at each level, the four coded entries order
y

from lef4 to right are model, correctness,' strategy, and error. The

abbreviations used are explAined in the previous section.

7

Data Aggregation and'Analysis

1

The:data gathered in this study have been summarized in terms of

two cateoraesl percent correct and general strategy. The model,

strlategy, and error data are aggregated into five independent general

sttategy pateiories for the B and C problems (direct modeling, use of

4
counting, routine mental operations, dbn-routine Mental operations,

and inappropriate), and eight independent `general strategy categories

o
% for the D and-E,data (non-sentfnce/direct modeling, non-sentence/counting,

,

non-sentencerroutine mental operation, non- sentence /non- routine mental

operation, non-sentence/inappropriate, sentence/algorithms, sentence/non-
,

algorithmic, inappropriate sentence). Details of what specifis.moder,

strategy and erroi data were used to form these categorAes are presented'

in Appendix C.
-.

,Thp plan for'analyses of the aggregated data was based on the design

model shown in Figurd 4. .There are two primary dimensions in this model--

differences in the liver of problem administefed and differences in

I>

fJ
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Student_ ID Number

-

__...?4

_ .

41'S Task 1 task `2 Task 3 Task 4 Task 5 Task 6

.Set

Level u

CYCL C Y F - CYUe- C Y C A - CNO;0.0

F N M Y N Y HU-v- N Y. CS - N Y T I N - N Y #F

C Y CA -- .N N. GI GI .CNFM cYCA- CNFM CY-AO-.

IN
Y CS- F N ',N"N UN - F ? ? - C Y MA' - N Y AL -

. -

.lerror

9.4 mo el strategy

correct
s0 e

1r

Figur.. 3. Sampleostudent profile for a single interview.
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`
I

INTERVIEW- 3

. 1+ C-
_ , -. .

113:EZEIR NEXEMEINEXICICII NEM Ell Mil XXI

INTERVIEW

PROBLEMS

STUDENTS

f
1

Figure 4. Basic design of the Sandy Bay study: Interviews of childyerfwith
differing cognitive=

=F atiability,..and their performance on verbal
-addition and subtraction problems,

v

,
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children's cognitive capacity. The problem dimension involves a com-
.

-.plexay crossed repeated-assesSMent (three interviews) of six problem

sets B-, 0+; D, land E) With six tasks' in each Set (joining,

separating, -. The'student dimension involves children nested,

in'cognitive levels within claasei and in turn within grades.

The raw data-entries for the data Atrix are percent Correct and.

general strategy;used by a student on each problem. It must be noted.
-

that the design yields an incomplete data matrix since Grade 1 and

Grade 2 children did not take the D and E.problems, the'Grade'3 children

did not.take the B problems, and not all'cognitive levels are repiestented%

in each grade level.

Ideally, statistical analyses to test main effects and interactions

for such a data matrix involves developing log-1/Nbar models for an

incomplete frequency table, using the Newton-Raphson algorithm for.
) 0

computation of maximum - likelihood estimates In terms..ofa series of

weighted regression analyses,

,square statistics). to explore
. f?

Unfortunately, for this' study

The small number of subjects,

and then testing the.estimates (using-chi-
,

the adequacy of each model (Haberman, 1978).,

such a complex analysiaiwas not possible.

the unequal cell sizes, the extensive

incompleteness of the matrix, and lack of resources have limited us

to describing.the frequencies and testing a few of the differences with-.

chi -squarestatistics.l

1Because.of the large-- number of Iztials and the lack_ofsa systematic

plait to- test--differences; an alpha level of .01 was arbitrarily chosen

to test significance.- in addition, tests which yielded probability__

values:between_an:alpha of .95 and .01 (.05 > p > .01) were considered--_

marginally- significant. All e values were calculated via 2.x 2 con-_.

tingency_tables where frequency of correct answers or strategy use was

dichotomized.r _
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Correct Answers by Childxen

The data for'percent of items answered correctly by children are

summarized first by examining the differenceldue-to problem level

and then examining.the differences for children with differing cognitiye

proceseing capabilities!

/

Problem sets. The percent correct for the total population over all
. -

_ -

problem,sets is shown la Table 3. Only the E problems are more difficult

than any of the others. However, the similarity of percentsorrect over

the B, C, and D problems is,artificial since different, groups of students

were BiVenftfie different, problem types.

p

Table 34

.Frequency and Percent Correct-by -

.:..

Level for the Tote

7
Population r

'Level f/ Trials

B 300 430/72 600

C 774 1117/72 1548

D 456 330/72 456

E 456 282/62 456

Total '', 1.986 2159/71 3060

2
The basic-tables used to

appear in 4pendix A.

°

construct the following tables

_ -
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1Tasks.' Within each problem set, one item representing each of six

tasks (joining, separating; part-pawhole missing addend, part-part-

whole addition, comparison, and joining missing addend) wasgiven. 1The

.

aggregated data over all interviews for each task at,each level are pre-
.

sented in Table 4. Overall, not surprisingly, the two addition tasks
.

(1 and 4) are easier (81% and 76% correct) than for the four subtraction

tasks-(2, 3, 4, and 6). (69%, 68%, 56%,` nd 73% correct). To illustrate

some of-the differences in percent correct,.we have chosen to contrast

Performance on tne-'separating (Task 2) and the comparison (Task 5)

. - .
.. .

problems._. The differences in percent correct pn these two tasks (69%

=4'56%) is significant 1(X2 =_13.60, y < .01). ?'

Interviews. Each child-was interviewedon thris/oc9asions. The

./

first interview was'at the start of the Australianschool year (February).

Thus, We expected somei0rovement in perfoxmancfi since addition and

!

subtraction skills were emphasized in instruc on in all claSses. The

aggregated"da6 over alleproblem-levelskare presented in Table 5. 'An in-

.\

crease in, percent correct occurred for e ch_problem set from the first to

third interview. These differences i percerit, correct were 'statistically

\s .

dignificant\for B--(X2-= 7.75, p .01), the D (x' = p < .01)

"and the E (X2 = 17.55, 7;1. < .01) P oblem,sets. The differences for the- ;

C probleMs were only marginall significant (X2 4 3;97, < p< .05).

Cognitive level. To a amine whether differences in cognitive

capacity are reflected in:different percentages of correct responses,

separate-tables are presented for each problem set. In Table 6, the

data:for the B probiems'which were given only to Grade 1 and Grade 2
_

A

2.8
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Table 4

Frequency and PercentCorieWby Task and Level for the Total Population

f/C Trials fl%

Task 1.. Joining 14) Task 4; PPW (+)

..%

Level

.. B 85/85 100

C , 201/78' , 258

.-D,E 125/42.. - 152.-

Total" 411/81',. ..,510

Tisk 2 Separating (-)

B "79/79 1100

C, 184/71 258

, D;E 89/54 152
."_ j

--Total r 352/69 , .. 510

Task 3 PPW, missing addend. (-)

Level

B

D,E

-Total-
;

3

T

Level

. 100

ktv 194/75 .258

D,E 115/76 152

Totall 389/76 510

3

. Task 5 Comparison (-)

Level

41/41 1Q0

C 157/58 258

D,E 90/59. 152

Total 288/56 510

Task 6 Joining, missing addend (-)

----Level

'68168 100 . B

190/74., 258 C

88/58 152 D,E
4

346/68 510 _Total

I

____ 77/77

191/74

105/68

373/73
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- Table5

Frequency_and Percent-Correct by

Wel and paterview foi the Total Population

.

Level Interview- LIZ Trials-

130/64 204

2 153/75 204

3 141/77 192

C ' 1 357/68 .52E

2 4385/75 516

3- 375/74 504 -

100/64 156

2 105/73 144

3- 125/80 156

79/51 156

115$ 156

B

1

t
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.

'children clearly shows, that there is a significant increase in percent

correct (56% to°75% to 80%) fok-children with higher cognitive capacity

(X2 = 47. 4, P <
.

For the e-C problems Avert to all children, thepercent.correct for -

children at diffeient coinitive levels is shown in Table 7. The dif-

ferences are striking. The Level 1 children only got 22% correct while
,

for children at LevelfC5 and 6 got 96% correct. There is significant

,increase from Level 1 to:Level 2 (22% to 65%,-)(' = 94.38, p < .01),.

fFom-LeVel 2ste Level 3 (65% to 81%,A2 = 26.74, p < .01), and again
_

p 'froAevel 4to Levels:5,6-O83% to 962,==x2 = 20:49, p <

For the D and_E,prOblems.given only toGrade 3 children, the

pattern'of correct responses are very similar (see Tables 8 and 9).

Thus, for summary purpOses the dita_have been combined in TableHlb.

'or these students, the difference between correct for children at
-

cognitive Levels 2 and-3 .(49% and 67%) is significant` (x2.= 11.76,

p-< .01)- ed'are the differences between Cognitive Level 4-and
« _-

Cognitive Level 5,6-children:(62%-aUd 83%), X2 = ,30;05, p < .01) .

4

Also, there is a drop itt_performance between Cognitive Level 3 .and
,-

-Level 4 on both sits'of_problemS but these differences are not

Y_

o 0

w

-

.
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= -T4ble 6

Frequency andfPerdent .Correet-

'by Cognitive teVel for-All Level .13 Tasks,

Cognitive. Level._ N f/r

A
_

156 , 235/75 , 312'

90 100/56 180

2

3

5,6

-Total

95/88 108

300 430/72' 600

Table 7

Frequency add- Percent Correct

,

by Cognitive Level for _
all ievel Cjasks

Trials
_ .

-220/83 *-

241796 _

180

_-456 :

396

2-64

252
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Table 8

Tiequeticy,and Percent %Correct by

Cognitive- Level for All Level D Tasks

f/X Trials

Ws? 72

97/73 s 132

83/66 126-:

109/87 . 126

330/72 456



-Table

1
,Frequency -and Percent Correce'by

Cogniti*e_ Level for All Level E Tasks

-72_ :"30/42'.
6

132 79/60

-126 72/57

126 101/80

-456 1 282/62

72

132

1

126

126

456"
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-Table 10.
S

_Frequency and Percent Correct-by
,

Cognitive Level

for All -Level D,E_Tsks

A _

Cognitive -Level

5,6

Total

N

4.

i/x Trials,

72

132

4

71/49

176/62
k . %

144

\ . 44"
.

126 .. 155/62 252

126 210/83- 252

456 612/67 912

. 35 4

4
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Tasks,by cognitive level. Within each problem set, one item repre-.

4

.,:,,sentipg each of six \tasks (jotting, separating, part-part-whole missing
I .

addend, ,part7partwhole addition; compatison, and joining missing addend),

was given. The percent correct data for each cognitive level for each

task in the B. set of problems are presented in Table 11. The pattern of
. .-

a.

1 -
diffeiences between, Cognitive levels is consistent with Level. 3 children

perforiing better-than-Level 2 wiio, in turn, perform better than thei -

- -
Level 1 children.

Tbe. percent_ correct data for-each cognitive level on each task =for
. .,-._ .

the C set of problems-are presented *in Table 12. Again a consistent

_

pattern of the higher cognitive level children gett.i,pg as many or more'
.

items correct is apparent with pneixceptior. On Task 3 (part - part -whole

missing addend), the Level:4 children do not do as well as the Level 3
, , .. ..

Children. -I.

. . ,
. . . . .

The .same data for the D and E setsof problems are shown invTable 13. .
t ' , ,

.,
And again, the. same pattern- -is evident except for the Cognitive Level 4

i children whose performance is lower than Level 3_ children on
., *

. 1 '
three of the six ,taaka (joining,' separating, and comparison) and is

lowsf than (about the sami_as) Level 2 children on the comparison tasks.

Interviews, b cognitive -,,,__ Each-child-was interviewed -one

three occasions. :Since -.thefirst interview was at the start of the
4

school_ year and instruction in addition and subtraction comprised a large

-part bf mathematics_elasses between interviews, we expected improveda

perfOrmance over -_time. The data for the children at cognitive levels
I

__ for the--three-ineerviews on the B set of problems is shown in Table 14.
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'raga:tag and Pe
..

.

f/Z
.

Trials-,

'' Task _1- , Joining (+ i

6

s_ -_= --

Cognitive .Level -° _- de :

--._ -- -,. _

- 1 , - -15_ _- 23/7T.=_

2 , -- 26 44185
;--_

11

- -: 3 -9 -18/100 __- w
_

4

5,6_

Total = -- 50 85/85--

52

-18

-100

Task 2 =-,, Sepaiiting (-)

..
.

-- --- 1 15 21/70

2 26 42/81
, -

-9 16/89

4 S

5,6

-Total 7- 50 79179

,

30

52'

18'

1'00

i Task 3 PPW, missing addend (-)

1 . 15 12/40

2 0' .....26,410.1 40/77

3 9 16/89'

4 =

.

4

5,6

Total
.

50 68/68

30

52

18° '

100

V

rcent COrrect by Cognitive Level for Each Level B Task

C

f/Z Triala

Task 4 PPW (+)

Co'gnitive Leveler1
,

° ,1 15 21/70

2 26 t 43/83

3 9 16/89

, 4
.

5,6

Total ' 50 80/80

O

: Task 5 Comparison'( -)

7/23

22 .26 22/42

3 9 12/67 18

4

5,6

Total 50 41/41

, Task 6 Joining, 'missing addend (-)

1

3

4 .

5,6

Total.

'15 16/53

26 '44/85 52

9 17/94

50
.
77/77. 100

.5



egaency And Percent Cart's-et by-_Cognit ire-_Level for Each Level C Tatk

-Joining -(+),. _

.*

-_Cognitive Level
''t

-

-- '--

1 15 I _9/30 30

2 38 -S5/72 _ 76

,

3 % 33
a
57186 66-

4 22 40/91 44 .
-_ . .

5,6 '21 40/95 42
_ -

. .
Total .129 201/78 253

,,r %
J * <

Task 2 Separating =( -)

"`4 ,
: 1 14:- i/23 ' . 30

. 2 : 38 52/68 ' 76

1 33 51ki7 . .66

4 22 34747 . 44.-
.5,6 21. 40/95 '42

Total 129 184/71 258

'. '&6
Task _PPW, missing addend (-)

415' 6/20, 30

2 38 54/71 76

56/85 , 66

4 22 - 33/75 44

t 21 41/98 .42 _

loud 129 190/74- 258

$

9

l/i Trials_

;ask PPW -(+)

Cognitive Level
.

1 15 11/37

2 38 52/68

3 33 53/80

4 22 38/86. .

5,,6 21 40/95

Total 129-- 194/75-
.

258-i?

Task 5 Comparison (-)

`O.
2'

3'

4'

5,6

Total

15 1/03

38 30/39

33 49/74

22 38/86.

21 39/93

129 157/58 258---

Task 6 Joining, missing addend ( -)

-.I 15 6/20

,2 38 53/70 76:-

3 33' 54/82 66 =,

v .

4 22 37/84

5,6 21. 41/98

Total .1.29 191/74 2

1



fable 13

Frequncy -and Percent Correct by Cognitive Level for Each LeVel D,E Task

N f/% Trials f/2 , Trials

Task 1 Joining ( +) Task 4 PPW

<

Cognitive LeVel-

1

Cognitive Level

/r 1

00.

2- 12 16167_, 24 2 12 .:14A8-

3 22 39/89 44 3 42 11/70:

4, 21 '- 33/78
.

42 4 21- 11/-74--

-5,6 21- -.37/88
-

42 5,6 21 p '_.39/93:- - "42 -

Total .
76 125/82 152 Total 76 _115/76

:rc
152,-,

Task 2' Separating(-) Task 5 Cimparison (-)

,- 1

2 12 10/42 24 , 2 -12 12/50 24

3 22 27/61 44 3 22 28/64 44

4 21 21/50 42 4 21 20/48 42

5,6 21 31/74 42 5,6 21 30/71 . .42

Total s
76 89/58 152 Total 76 90/59 152

Task 3 PPW, missing addend (-) Task 6 Joining, missing addend (-)

a SP

1
1

.
2 12 9/38 24 2 12 10/42 24

3 22 22/50 44 3 22 29/66 44

4 21 22/52 42 4 21 28/67 42 --

5,6 21 35/83 42 5,6 21 38/90 t
1

= 42
- _

Total . 76 88/58
, ..

152 Total 76 105/6e 152
.= -is

_ 1- S.



'Table 14

Frequency and Percent Correa by Cognitive, Level

_ 6
and Interview for All Level B Tasks

_ ..

Cognitive Level

fg , Trials

,- .1 .30 c.' -'
.
28/47 60

,2'. 54 ,72/67 108
.

3. .18 30/83 36

4

U- 5,6
, ' ..e.

TOtal '''''-102. , 130/64 4'204
4- ,

1 30 32/53 60. I

_ 2 54 87/81 108-

3 18 34/94 -: 36

4

5,6

. Total '102' 153/75 204

Interview 3
°

i 30 40/67 60

2 ° 48 76/79 96

,3 18 31/86 -, 36
.,,

4
-;,

,

5,6

Total 96 147/77 192
ir

.

29
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,

Instructi'-i would appear to have been most beneficial for Cognitive Level

1 children since their -Scores changed from 47% to 67% correct friim the

first interview to the third; however, there is clearly a ceiling effect

for the children at higher cognitive levels. Also, the r-ttern- of the
. . . -

. ._ , .

higher percent correct being achieved by the higher cognitive levels re-:,
. .

Mains constant.

,The. data for children at difftring cognitive levels on the C tasks

47

are shown in Table 15. Here , the performance bf the few Level 1 children
A

does not improvewhileall other groups improve (with one exception) over

'time and'the pattern of higher levelyielding higher achievdiaent ids

't4

generally conglstent.

Similar data for the.D and E problems sets are presented in Table 16.

Here'again both improvement over time ana higher cognitive level getting

higher percent correct is apparent with two exceptions: the Level 4.

children slip- from-Inte7fiew 1 to 2 but improve by Interview 2; the

Level 5,6 children fail toe improve (slip a little) from Interview 2 to 3.
- -

6
- Grade by:cognitive level. Since children were also in different'

e 0.

grades, differences in children's cognitive levels within each grade were

also examined. The

in Table 17.% There

and 74% at Grade 2)

Grade 2. (See Tiabies Al-A6 in Appendix A.)

data from. Grades 1 and 2 on the B problem Set appear

is n; 'overall grade effect (98% correct at Grade 1

Athouah there is more Within grade variance in

Data for all three.grades on-the,C problem are presented in Table

18. Here.there is a significantlgrade effect. Grade 3 children answer

87% of the Oroblems correct compared to 57% for the 'Grade 2 children

42

'a



Fiequency and Percent Co eat by Cognitive Level

and Interview Level C Tasks

Interview 1

Triall

Cognitive'Level
_

1

2

3

4

5,6

30

78

66

48
,

42

15/25

_I

89/57

96/73

79/82
1

78/93-

,-,

,.

60

156
t

132

%

96
*

84
11

Total 264 .357/68 528

Interview 2

.1 -

2

/
- ,30 .

78

17/28

106/68

60

156

3 66 109/82 132

4 42 72/86 841

5,6 42 81/96 , V84'

Total '258 385/75. 516

- '
Interview 3

`1 ,30 8/13 60

2 72 .; 101/70 144

3, 66' 115/87 132

4 42. 69/82 84

5,6 42, . 'i32/98 84'

,
Total 252'. 375/74 504-

43.
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.Table16,

_ _
Frequency and percent Correct by Cognitive Level

,
andjaterview-for All Level D,E Tasks

N % , Trials

Interview 3.

Cognitive Level".

2 ra 24 11/23 48

3' 48 54/56 96.

"4 42 48/57 84
. >1

5,6 42 66/78 84

Total,- /: 4a6 . 179/57 312

.//

,

1

Interview 2

,

A

3

4

5,6

Total

24

36-

42
,

. 42

144

'27/56 ,

50/69
f .

43/51

73/87-

193/67.

Interview 3

2A. 24 33/69

3 48 72/75

4
.

42 64/76

".5,6 ,42 71/84

Total 156 240/77

,'48

2
84

. 84

288

48

96'

84

84

312



Table 17

Frequency and Percent,_Correct by Ognitilie Level

and 'Grade 'for All Level B Tasks

. Cognitive Level

5,6

f/% Trials

Grade'l

54 66/61 108

42 _63/75 84

18 26/72
,

36

114 155/68 228

,

O

4

5,6

Tqal

Grade -Z
,

36 34/47, 72

114 172175 -228

36 69/96 72

186 275/74 1372



Table* 18

Frequency and Percent:COrrect by*-Cognitive Level
- - - -

and Grade for:Ail 'Level C Tasksf,

N_ f/X Trials

Grader] 4,

-25723-

46755

-11.730

108

84

364

228

-36 15721- 72

114 ;136760 228

,36 d 627862

t2.

4137-57

O

372

,

2 72 114779.

-The

4 .132

5,6 126 241796_

Tot _ -474 ; '822/87

_ 144 ;T

288

264

252

948



136.89, p < .01) and 36% for the Grade 1 difference (12 .5 25.64,

p < Ai)
t

'Bow
f g

oyer, the within grade data confirms the overall pattern

of the higher the cognitive level the higher the pekformance.

In summary, although these are important variations in performance

due to problezt set_ (size,of number), to specific task, to instktiction

*F)

over time andto grade, what is clear is that children who have been

.identified as having different cognitive processing capabilities

?,
consistently perform differently on these addition and subtraction

taskSiregardless of''the other important factors.

Strategies Used W-Childreir
-

AS outlined in the first part of this paper, the data on strategies
e ,

\ -used by-.:_childrea__have-,been, summarized in terms of five categories for

, the B and probleis sets (direct modeling, counting, routine-mental,

,operations, non-routine-mental operations, and inappropriate) and eight

categories for the.D and E problem sets (thesame five no sentence

categories-as forB and C tasks and correct sentence-algorithmic,
,

correct- sentence- non- algorithmic, and incorrect sentence).
--=

_ _

_Problem-- sets. _3- he _ Overall _use of these strategies for ,the total
__- a

-population_iover all p-roblem,_sets is shown' in Table 19., _No -one- strategy-

predominates even though the numbers get larger. with different problem

sets., For, the a-and -G problems, 'four of the five categories of
, -

<strategies are used almost equally overall, and the only shift is -from

arlmrwwlmilannwlefIZI/IMIVII

3
f

The basic tables used- tb construct the following summary tables

,appear IniApPeadix-13i



Table.1.9

Frequency of Use of Strategies:1;y Letref and Category for the Total Population

Direct-.4 titine; NonrOntine----_ ---_ - -
, ..

:modeling- -__Couaititii _-mentatiOp_. --- mentarsoo...-- ''_ =Impprop:

-= f /%.F 1,-/I:.--- =7-Wr---- It% _-- = --- f/t _Trials

-'Level-
7

228/38 80/13

349/22 -393/25 -_
_

139/23 _-

162/23= -- i

111/03-- -_

=1-1,-/Or

135/22
..

' 327/21

-HO

1548

otal 577/27 473/22 --:501/13r' 135/06' -- 462/21 2148

Correct sentence

Incorrect4

sentence .

Direct _ Routine -Nonroutine, AIL

modeling Counting = mentel-b -mental op. Inapprop. Alg. strategie

f/4 -IA: _ * f/X f/X f/% f/%- Trials=

Level

r.
p 88/19 106/23 82/18 18/04. 60/13 95/21 4/01 3/013/01 456

E , . 90/20 90/20 57/12 4/01 100/22 .101/22 4/01 10/02 56

otal 178/20 196/21 '139/15 ° 22/02 160/18 196/21 .8/01' 13/01

, n .4
t

8



use of_direct modeling to.'upe of counting as one goes from the smaller

B nUMberstithe.larger numbers in the C problems. These differences

.
- _

in frequencies-of use of direct modeling and of counting between the

B ari''r probleis out of Che total set of responses are both statistically

significant (x2°= 65.25, p <,.01; and X2 m 29.27, p < Al). For the

.

'D and t .problem sets; only-21% of the children wrote a sentence and

,_ i

.

-worked,it algorithmically, although classroom instruction had emphasized
. . ,

-'
,

%,

algori0Mic work. The four major non-sentence categories of strategies

continued to .be used on the larger...numbers in the D 'and E ,problem sets, ,

whiah'require regrouping. The only si .ificant major shift in the
- - -

strategy from p to E problems-is the incxeamokin use of inappropriate

non--sentence strategies j"x2-= 12.12, p < .01). There is also-

corresponding decrease in use of routine mental operations, doing the

problem in one's headt which is only marginally signif icant,(x = 5.30,'

.01 < p < .05). :Children probably try to work E prOplems in_their heads

and getmixedup,rather than adapting an efficient strategy ich they-

had been taught.

-Tasks' _Within each problem set, one item representing each of

.--six tasks lioining, separating part -part -whole.missing addend, part-

v
part-whole additiop, compariso miSsing addend) is given.

0
The aggregated- strategy data omen all interviews for each task ard

Prelefited,infjTable,20. To illustrate the different strategies used

for the tasks, we have again chosen to Contrast performances on the

separating (rask 2) and thecomparison'(ask 5) problems.' The

Oki
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Table 20

Frequency of Use of_Strategiessby Task and Level for the Total Population

Direct .
Routine Nonroutine"

modeling . Counting mental op. mental op. Inapprop.

1/2 :
f/2 .f , f/X f/X/74

Alg.
fix

Roc -alg.

fix

Incorrect
sentenci--i

IaVel,

C

?total

11

C.

=Total

B

C

1),E

4-Total

B

D,E

Total

Task 1, Joining (4-).3

45/45 11/11 .27/27 9/09 8/08 -

I.

57/22 -65/25 73/28 "26/10 37/14

14/09 13/09 -49/32 2/01 13/09 59/39 .2/01

116/23 89/17 149/29 37/07 58/11 59/12 2/0 0/0 ss

j ,

Task 2 _Separating (-)

c

_ 54/54 5/05 -. 24/24 -2/02 15/15

73/28 59443 46/18 26/10 54/21

45/30 18/12 12/08 1/ 20/13 48/31 4/03

172/34 82/16 '82/16 29/7: 89/17 , 48/09
. ,

4/01 4/01

'7 \

Task 3 'PPW, missing addend. (-)

4

47/47 4/04 21/21 3/03 25/25'

73/28 58/22 57/22 23/09 47/18

44/29 36/24 15/10 2/01 36/23 16/10 1/01 2/01 z's

164/32 98/19 93/18 28/05 108/21., 16/03 1/0 2/0_-

Task 4 PPW (+)

52/52 13/13 23/23 1/bi 11/11

66/26 73/28 64/25 12/05 . 43/17

17/11 13/09 35/23 0/0 26/17 61/40 .0/9 0/0

135/26 ' 99/19 122/24 13/03 80/16 61/12 0/0

I

(continuc)



Table 20.-(ccnitinued)

Direct = 'tontine Nanroutine Incorrect-i-
modeling ' counting mentaliop. &Mit op. Inapprop. Alg. Non-dig. sentence7-

fix fix 'f/Zz_, =af/X fix fiX f/Z f/X=

CompArison (-)

1-

-/ 15/15 9/09 14/14

40/16 68/26 49419
. . 27/18 58/38 11/07

- o-al 82/16 135/26 _ 74/15

a, Task 6

15/15 38/38- 30/30

40/16 I, 70/27 73/28

711 /20 58/38 17/11

ot 86/17 '166/32 120/23

2
,

_7/05 ,37/24
,.-

_21/04 186/36

Joining, Missing :addend (-).

° 2/02 15/15

17/06 58/22

10/07 28/18,

29/06 101/20

7/05 : 0/0 5/03--
7/01= 0/0 5/01--

5/03 1/01

5/01 1/0 2/0

40 '

O



differences in frequency of use of the-direct modeling and inappropiate

strategies on these'two tasks was sigAificant for-those who took the D.

and E problem sets (X2 = 41.70,-p-< .01 and X2 = 86.75, p < .01). The

differences in frequ ncy of use of the subtraction algorithm was also
A

significant for those who took the D and E problem-sets (x2 ='38.7,

p < .01). Clearly, although both problems can be solvedby subtrTction,

the.problems.areperceived-by students as being quite different, and

hence,, chey,use different strategies with each.

Interviews. Each'child was interviewed on three occasions. -Since-:

,

the first interview was at the stare of the schdel year and arithmetic

instruction cOmpriSed.. a large part of mathematics classes between inter-

vieWswone would expect some shifts in use'of strategies over time. Thee

aggregated data on use of strategies over all tasks are.presented in

Table'21.
1 1.

6
-

For the B tasks, there is some fluctuation in use of strategies over

the interviews, althOugh direct modeling, use of routine mental operations,

and use of inappropriate strategies- are most often used and change little

from interview to interview.

For the C problems,. there are two shifts that,are Signifidant. 'Use

of direct modeling drops from 33% on the first interview to 14% on,the
D

1,

third (x,
2 = 52.81, p.< .01). At the same time, use of routine.mental

operations increases from fO% to 32% (X2 = 74.19, p < .01), Similarly,'

for the D and E problems, the use'of algorithms increases from 17% to

30% from the first to third interviews'(x2 = 16.45, p < .01).

In both later cases, the increased use of routine arithmetic

strategies is consistent with the instructional emphasis in thee

classes. In fact, what is surprising is that those strategies are

only used in less than a third of the problems.



Table 21-- -
.

. t

Frequency of Use of Strategies by Level,Interview,and Category for the Total Population
,-----

i 4 ,

Direct
modeling

Level Interview
Counting

f/3.

2

81/40 28/14

81/40 17/08'-

3 66/34 35/18 -1

'1 175133 144/27 .

2 , 104/20 118/23
.

3 70/14 _131/26

.1 69/22 ,76/24' ,

.
,

2 61/21 55/19

3 48/15 65/21

YI

47/24 7/04 37/19'

53/10 41/08 ''' 115/22

,
149/29 -28/05- , 117/23'

. .,

160/32 48/10 ' 95/19

1

'3/11 11/03 . 65/21

57/20 5/02' 53/18

51/25

41/20

47/15 6/02 42/13

Boutin Nonroutine
op. mental op. Inapprop.

f/r- f/Z f/X

.0

1/0+ 43/21

10/05 55/27

Alg. Non -alg.

f/Z ,f/X

Incorred
sentence;-

f/Z

52/17 2/01 2101

49/17 :$/02 3/01
=-)

95/30' 1 /00 ° 8703
c.

53

4



In summation, each ofothe features of the problem dimension in this study

yielded interesting results., Different types of strategies are, used

by cbildren as the problem.ets use larger and larger numbers. Different

4

strategies are used with different tasks*and there are a feW-shifts in

strategy use from ale firspinterview to the third. In all, this yields

a complex picture in which a wide variety of strategies used by

drem for.differing types of problems.

_ .Cognitive level. To examine whether differences in cognitive

capacity a e reflected in different uses of strategies, separate tahlee

are presented okeach problem set. For the B problems given only to

Grade 1 and 2 children (Table 22), there was a signifiCantincrease in

usetof routine mental operations (8% to 27% to 36%) for children with

-higher cognitive-capacity (X2 ' 36.93, p < .1i01) and a corresponding

significant decrease in, use of an inappropriate strategy -(39% to).8% to

7%) (X2 7 34.80; p < .01). The frequency of use of the other categories'

remains constant over cognitive levels.

For the C problems_ given to all children, the strategy data for-

children with differing cognitive level are shown in Table 23.. The

picturehere is more dramatic., Children at Cognitive Level I either

"

directly Model the problems (28% of the trials) or use an inappropriate

strategy (70% of the trials). Use of an'indppropriate strategygoes.-

town consiseently with] cgrative 4vel ,,(70% foi Level 1 children to 0%

for Level 5,6 children), .101irect modeling is the most often, used-

at Cognitive Level 2J counting at Level 3; and routine mental operations'

at Cognitive Levels 4, and 5,6 where counting was also used frequently.-

,
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4 Table 22: I
1 y

Frequency of Use of Strate6...e Cognitive Level and Category for All Level B.Task.s
;, . ,-

.

Direct Routine Nonroutine
*modeling_ --CouritTh-j:( mental op. mental op. Inapprop._

. f/% : f1% f/% f/X

gaitive-Leyel
P

1
,

.. i-40 . 69/38 .20/11 15/08 5/03 .'71/39

2 156 '120/38 43/14 85/27 .8/02 ',. 56/18 , 's

3 54 39/36 , 17/16 39/36 5/05 8/07

'Total 300 228/38 80/13_ -----139123 18/03 135/22

C

55,



, Table 23

Frequency of.lase of Strategies by Cognitive Leval and Category for All Level Tasks

, Cognitive Level

6

3

4

5,6

Total

Direct Routine Nftroutine
modeling Counting' mental op. mental op._ Inapprop.

'N fn fn fn ft% f/2

_1

90 50/28 1/0+ 2/01 0/0 127/70 180'

,

228 166/36 82/18 59/13. 27/06 122/27 i 456

198 71/18 130/33 104/26 38/10 53/3 396
.. ,

132 30/11 79/30 92/35, 38/14 25/09 264-;',-

126 32/13' 101/40 105/42 14/06 0/0 252_1

774 349/22 393/25 362/22 117/08 `327/21 1548.

=A
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For the D p oblems which were taken only by the third-grade childen.

The strategy da a are summarized in Table 24. Between Cognitive Level

and Level 5,6,ftherels a significant increase in use of counting strategies

from).2% to 33% (x2 = 10.40, p<..01) and a corresponding decrease in use

of inappropriate strategies from 29% to 2% (x2 = 30.116,°13 < '.01).

Thedata for the E problems, also given only tolthird graders, are

summarized in Table 25. As for the D problems from Level 2 to Level 5,6,

-use of counting strategies increased significantly from 4% to 32%

e = 20.50, p < .01) and use of inappropriate strategies decreased
-,)

from 44% to 5% (xl = 46.52, p <- .01)'. For both Ley;e1 D tasks and Level E

tasks,' there was no appreciable increase in use of algorithms'by children

0

at higher cognitive levels .(1), 21% to 22%; E, 26% to 25%). Since the

D and 1 problems are approached with similar strategies, the data have

been combined in Table 26.

Tasks by Cognitive' Level

within each problem set, one item representing each ok six tasks

(joining, separate,, part-Part-whole missing addend, part-part-whole

addition, comparison., and joining missing addend) was given-:---The,

strategy data for each cognitive level for each task for the B set of -

.

problems are presented in Table 27. ,A consistent inverse relationship

between use of inappropriate strategies and cognitive, level is apparent.

Although the Percentages of various strategies used with each'of

tasks differA, the patterns of use seem to be consistent across cognitive

level. For example, direct modeling is not used by very many students

57

O



Table 24
. ,.,

-
FrequindY of Use of Strategien by CognitiVe -Le4e1 any Category for All Level D Tasks

. ,
. .

et, , -

Direct Routine Monroutine .
y Incorrect-,'t

modeling Counting mental op. mental op. " 1.-lappropl; Non-alg. sentence
En fn fn fn f/% fn f/Z

togaitiVe Level')

2 14/19 . 9,/12 8/11 _ 3/04

3 29/22 .2740 24/18 ,5/04

4 25/20 28/22 23/18 - .9/07

5,6 20/16 42/33 27/21 1/01

21/21 . 15/21%.5° 1/01
tzt..

21/16 4 25/19 0/0

15/12 24/19 1/01

3/02 31/25 2/02

1/01_-

1/01

'yO2

0 /0.



Table 24

Frequency of_Use_of Strategies by Cognitive Level and Category, for All Level E Tasks

Direet. -* Routine.,,-_--Nonroutine
modeling._ Counting, mental op. -mental op. Inapprop. Alg. Non-alg.

f/Z f /X- f/% fix f/X fix

Incorrect
sentence]

11%_:="

Cognitive Level

2

3

4

5,6'

. ...

5/07 3/04 -7/10 2/03 32/44 19.'26 2/03

,28/21 46/23 f 17/13 0/0 30/23 24/18 1 /01
,

29/23 17/13,- 17/13 1/01 32125 : 27/21 010

28/22 40/32 _ 16/13 1f01 6/05 31/25- 1 /01

2/01-:-

2/02

.3/02=

4
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Table 26

.Frequency of Use,-of Strategie; by Cognitive.LeVel and Category for All Level DtViasks.

No:sentence

4

t
-incorrect

COrreet sentence sentence-

Direct,- Routine onrout ne Al.........____

modeling Counting mental op.'- mental opt InapOrop. Alg. Non-alg.- I-_strat._--
!

, 1

f/X --- f/Z ,... f/2- _f /7: ii% f/% f/% : .fir_- . Trials

Cognitive Lave '

2 r a 72 19/13
= .
12/08 15/10 '5/03 53/37 34/24 3/02 , 3/02 -----4444

3 132 57/22 '''' ' 57/22 41/16:-
.

5/02 '' 51/19 - 49/19 1/0 -3/01 264
1

4 ' .. 126 54/21 45/18 1;0/16 10/04 47/19 51/20 - 1/0, 4/02 -:252'

,, .-,. ...-

) 5,6 1126" 48/19 82/32/ 43/17 2/01 9/03 62/25 3/01 5 3/01 -.. -252 r

*Total ,456 . mho - 196721 --- 139/15; ,., 22/02 160/18 196/21 ''' 8/01 13/07. . 912

- .

a

S.

O

-r

4

444
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- Table 27

A'- 1 . A .-

Frequeicy of_Use of Strategies bxdognitive Level:and-Categoly for Each Level B Task
. : -t- a ,

itive Level-

Direct- Routine Ionroutine -

modeling -Counting , mental op.--Thitarisp7-Tulpprop.
N f/X -IA -f/% f/% f/% Trials

0

,Task 1 Joining (+)

2

3-

Total P

15

26

9

,(24

16/53

23/44

0 6/33

.45/ 45

1/10

5/10

,3/17

11/11

3/16

17433

7139

27/27

4/13

3/06 ,.0

,zezi=1.-
2/11

9/09

4/13

4/08

, 0/0

8/0;

30

, 52

18

100

---

Task 2 Separating (-)

., -

1 .15 17/57 1/03 ' 2/07 0/0 10/33 30

'2 26 27/52 . 3/06 , 16/31 2/04 , 4/08 52,

'3' 9 ,, 16/56' 1/06' 6/33 0/0 1/06. 18

Total 50 . 54/54, *5/05' .24/24 2/02 15/15 , 100
?

e,

Task' 3 missing addend (-)

. .

. .

15 . 12/40 1/03 2/07 , 0/0 ,, 15/50 3O

2 a 26 26/50 1/02 14/27 1/62 10/19 - 52

3 9 9/50 -2/11 5/28 2/11 0/0 18

Total 50 47/47 4/04 21/21 3/03 25125. .100



Dira.ct' Routine Nonroutine

modeling Counting.- mental op. mental op._ Ina op.

-f/i- f/Z -1/% f/X_ f/X

Task 4 !pi (t-)

;.1 15 t -17/57 3/10 - r 3/10
k...,:4

1/03 6/20 30-

2 26 t_ 25/48 8/15, 14/27 0/0 - 5/10 52

3.- 9 10/56 2/11 6/33 0/0_ 0/0 18,.-_

. Total.. 50: 52/52 '- , 13/13- 23/23 1101 11/11 100

--Task 5 Comparison (7)

1 15 2/07 1/03 2/07 ., 0/0' 25/03 30

2 .26' 10/19 7/13 4/08 1/02 30/58 ---52--

a

3 4 9 3/17 1/06 8/44 0/0 6/33 ' ,18

's., Total 50. ti 15/15 9/09 , 14/14 1/01. 61/61 100

15 5/17 - 11/37 3/10 0/0 11/37 , =30.

2 26'. '9/17 19/36
t

20/38 1/02 3/06 52

3 9 1/06
...,

8/44 7/39 1/06: 1/06 , 18

, .
'Total 50 15/15 38/38 30/30 2/02 . 15/15 100

7

9

,=-1
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for the comparison and joining lassing addend tasks regardless of cognitive

The strategy data for each Cognitive level on each task for the C

set of problems are presented in Table 28. Again, the use of direct

modeling goes down at 'nigher cognitive levels as does use of inappropriate

strategies while routfmemental operations in general increase.' Cognitive

. -

Level I children directly model or use inappropriate strategies across

all tasks. -The.use of other strategies vaiie$0)57 task.

'*The same data for he D and E sets of problems are shown in Table .

29, and again the same ,pattern is evident.. Direct modeling strategies

are now used only for subtraction tasks. There seems to be no apparent

pattern in use of rountine mental operations or algorithms across

cognitive levels or different tasks. ,

Interviews by Cognitive Levels

Each child was interviewed on three occasions. Since the firit

5\

dmterview was at the start of the school year and instruction in addition'

and subtraction comprised a large part of mathematicS claises between

interviews, we expected-improvement in performance over time and perhaps

change in strategies to use of routine mental operations and/or elgOrithOs.

The data for the children at .different cognitive levels for the three

interviews on the )3 set of problems are shown in Table 30. ,
There is no

apparent shift in use of strategies over interviews. While there is an

increase over time in percent correct (see Table 14), it appears to be

due to the most efficient use of various strategies rather than shift

in type of strategy used.
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"Frequeneiof Usaief Strategies by Cogni44e-Level and-Category for Each Level C Task

._3

Direct
,

Routine . Nonroutine

_modeling Counting= mental op: . mental op. Iiiapprop. ,

hive Level

1

3

.4

5,6,

Total

15 11/37 =0/0
:1,

. _

38 32/42 . 13/17
, -..

33' --izna 23/35

--,
22 1/02 :15/14

21 1/02 4 14/33

129 57/22 65/25

-- f/Z. .. fAZ , 4/%

'xiva 3 JoiniUg (f)

0/0

_S
15/20-

19/29

18/41

21/50

73/28

s f/% f/X Trials,

Task,, 2, ,*Separating (-)

1

2

3

4

5,6

Total

f, Talk 3 PPW, missing addend (-)

.:,

1 15 12/40_
-4

:.0/6 0/0.

j8 33/43 5/06 12/16

3 31 15/23 17/26 12/18

4 22 '5/11, 17/39 12/27

5,6 4. 21 . 8/19 20/48 '10/24 ..

Total .129 73/28 _
:

59/23 46/18
...

.,

15 11/3T 0/0 1/03

38 32/42 14/18 ,, silo
q

33 19/27J 17/26 17/26 8/12

22 4/09 14/12, 11/25

21 i (ft 7/17 13/311 20/48 P.:"

129 73/28,- 58/12_ 57/22 -,

06- 19/63

6/08 10/13

7/11 5%08

7/16 3/07

6/14 0/0 -4

26/10 37/14 258,-=

0/0 ,;181'60.. 30,

5/06 21/28 76--

12/18 10/15 .. '-66::'_-

5/11 5/11 '44

4/09 0/0 42

26/10 54/21 256'

.

'0/0 - 18/60

5/06 17/22,, 76-
.

5/08 66_:',T,

8/18 7/16 44-,

2/05 0/0 42:,-

23/09 47/18 2587-='

-4-



Table 28: -leontinued)_

. Direct- - Routine- Nonroutine

modeling . Countft mental op. mental op. Inapprop.

f/i f/2_ f/Z f/% f/% r Trials

Task 4 PPW X+)

Cognitive
.-

7
.,

'4

19/63

14/18
.

8/12

2/04
a

opt

43/17

/

i6'4-

66

441

, .42

.256T

1

2,

3

4
I ' 1.
)

5,6'.

Total

38

33_

22

21

129

1

/37
. .

34/45

Wle'c

7/16,-
J

5/12"

66/26

, 0/0 0/0

18/24 10/13
,

28/42 17/26
v ,

11/25-, 17/39

16/38 20/48
/

75/28' 64/25

0-

*0/0

4(0

7/16

,-

1/02

12/054

Task 5 Comparison (-)

1

3

4

5,6

Total

15

38

33

22.

21,

129

1/03

1462

-9/14

9/20_ _

7/17

40/16

NO op'',*

12/16 4/05

24/36 J 16/24

12/27. 14/32

20/4d 15/36

68/26 49/19

0/0

6/08'

2/03

5/11

0/0

13/05

29/97

40/53

15/23

4/09

0/0

88/34

30 -,

.76

66-.-,

44
----',

42

.258-.

Task 6 Joining, missing addend (-)

1 , s.

2 .

3

.

-4

5,6

Total

15
tr

;38

33

22,

21''

12.9

''

4/13

21/28

7/11

4/09

,4/i0 ,

40/16

-1/03 1/03

20/26 10/13
- ,

21/32 23/35

10123 20/45

18/43 . '19/45

70/27 73/28

0/0

5/06

;5/08
."

.

6/14

1/02

17/06

24/80

20/26

10/15

4/09

,0/0

58/22

',30._
.,

76'.:_,

:66 =,

,

-44

..

---...

42 -,-=
, -

258 =1

i_,, la



Table 29

'Frequency of Use of Strategies by Cognitive Level and Category for Bach Level p,E Task

Comitive Level

N

, Inaorfect
---

- 1go sentence Correct sentence sentence-

s

Dkect Routine Nonroutine
--_,. .- All

modeling Counting mental clie. mental,op.* Inapprop.' Aig. -, Non-algr atrat.

f/X. f/Z . fg fa ' fix .f/% f/; 'fa' 'Trials
- e

Task 1 -Joining (+)

2

4

5,6

Total

12

22'

21

21

76

1/04

7/16

2/05

4/10'

14/09

2/08

6/14

2/05

3/07

, i3/09

2/08 0/0 6/25

15/34 1/02 2/04

16/38 1/02 5/12

, 16/38 0/0 0/0

49/32. 2/01 13/09

-----4.
.

.12/50,

12/27

- J6/38.

19/45 _

1 -59/39

/04

1/02

0/0

R/0

2/01
_

0/0

0/0',

0/0

0/0

,0/0

24'

N 44

'42.

42,

152

Task 2 Setiarating (-) Y

2

3

4

5,6

,Total

.,12

22

21

2].

76

'4/17
.

15/34'

13/31

13/31

45/30

'0/0'

' 7/16

6/14

5/12,

18/12

,

2/08. 0/0 8/33

2/04' 1/04 '6/13

'6/14 0/0 4/10

2/05 0/0 2/05
<

12/08
t
1/0- '20/13

8/33

13/29

11/26

16/38

48/31

1/04

0/0

1/02

-2405

4/03

-

.

.

°

1/04

0/0

1/02

2/05

4/03

24

44

42

42

.152

r Task 3 PPW, missing addend (-)

2

3

4 ,

5,6,
.4

Total

12

22

21

21

76'

4/17

13/29

13/31

14/33

44/29

2/08

10/23

.,7/17

'.17/40

t36/24

.3/12 1/04 10/41

4/09. 0/0 11/25

3/07 1; 02 , 13/31

5/12 0/0 2/05
.

15/10 2/01 36/23 .

4/17

5/11

4/09

3/07

1010

0/0

0/0

0/0

1/02

1/01

''

,_

4

0/Q

1/02

'1/02

'0/0

2/01

,. 24

'44"

42-

42

152

(continued)



Table 29. (continued)

Incorrecr

No sentencel. % Correct sentence sentence,

Direct' , Routine Nonroutine All

modeling Counting mental op. mental op. Inapprop. Alg. Non-alg. strat.

N f/X f//:' f/X f/% f/X f/X f/X f/X Trials

P

Cognitive Level

2. . '

3

. 4

5,6

Total ,

4 ,

5,6

Total

2 4-.

3

4

5,6

Total

12 1/04 1/04 4/17 0/0 10/42 8/33 ,0/0, 0/0 24

,22 7/16 2/04 12/27 0/0 10/23 13/29 0/0 0/0 44

21 1 5/12 4/09 8/19 0/0 6/14 19/45 0/0 0/0 42

21 4/Q9, 6/14 11/26 oto - tato 21./50 0/0 0/0 42

76 17/11 13/09 35/23 C/0, 26/17 61/40 0/0 <0/0 152

. .
.

12 4/17 4/17 2/08. 0/0 12/50 2/08 0/0 0/0 24

22 .8/18 16/36 3/07 1/02 11/25 3/07 0/0 2/04 44

21 9/21 13/31 1107 5/12 10/24 0/0 0/0 _____2L05 42

21 6/14 5/60 3/07 1/02 4/09 2/05 0/0 1/02 42

.76 27/18 *058/38 11/07 7/05 37/24 7/05 0/0 5/03 152

.
,

Task 6 Joining, missing addend (-

12 5/21 3/12 2/08 1/044/17 ' 7/29 0/0 '2/08 24

\
,,22 7/16 16/36 2/04 11/25 3/07 0/0 0/0 44

3/07
\.. )

21 12/29 13131

5/11

4/09 .9/21 \,..1402 0/0 0/0 42

21 7/17 26/62 1/02 1/62 '0/0 42

76 31/20 58/38

6/14 1/02 0/0

17/11 10/07 28/18 5/03, 1/01 2/01 152

Task 4 PPW (+)

Task 5 Comparison (-)



D

Table.30

Frequency of Usedf Strategies-by Cognitive Level, Category, and Interview

for All Level B Tasks

Direct , Routine. . Nonroutine _

modeling Counting mental op. mental op:, Inapprop.

N f/% i f/% fg f/X , f/% Trials

IntervieW 1

-_=Cognitive Level

1 30

2 , 54

3 18

Total 102

0

23/38

48/44

10/28

81/40

7/12 6/10

16/15 27/25'

5/14 -* 18/50

28/14 g 51/25

0/0

1/01

0/0

1/0+

24/40

16/15

3/08

43/21

60

108

36

204

Interview 2

1 30 . 21/35 3/05 6/10 2/03 28/47 60

2 54 43/40 9/08 25/23 6/05 25/23 108

3 18 17/47 5/14 10/28 2/06 2/06 36

-Total 17/08 41/20 10/05 55/2f 204
--In- 41/40

Interview 3

1
....

30 25/42 10/17 3/05 3/05 19/32 60

2 48 29/30 18/19 33/34 1/01 15/16 96

3 18 12/33 7/19 11/31 3/08 3/08 - 36

Total 96 66/34
.-

35/18 47/24 7/04 '37/19 192



The data 'for children at differing cognitive levels on the C tasks

are shown in Table 31. There is an increasein.use of routine mental

operations and a corresponding decrease in direct modeling. This is

apparent particularly for children at the higher cognitive levels.

Thus, there is.some influence of instruction. However, there is no

apparent change in use of .inappropriate strategies across interviews.

Similar data for the D and E problem sets are presented in Table

32. The effect Of instruction is clearly evident in the-increase in

use of algorithms. This' use is across all cognitive levels'and not

limited to the higher c!".InitiVe levels. At the same time, there is a

Corresponding decrease in the-use of'direct modeling and inappropriate

strategies.

Grade by Cognitive Levels

57

40
ce children were also in different, grades, differences, in

chilrem at different cognitive levels within each grade were also

examined. The data from Grades 1 and 2 on'the B problem, set appear

in Table 33. A grade effect is apparent since ,there is an increased

use of routine mental,operations between grades from:18% at Grade 1

to 26%. at-Grade 2 and an increase in use of direct modeling*from.30%

'at Grade 1 to 43% at Grade 2. There are also corresponding slight

reductions in use of both inappropriate strategies and costing

strategies.

Data for all three grades on the strategies used for the C problets

are preseMted in Table 34. There is a reduction in the., use of inappropriate

0-1

72



Frequency

Table `3:

of Use of Strategies by Cognitive Level, Category, and

-Interview for All-ievel C Tasks
\

a

Direct- Routine NonrouEine
modeling Counting mental op. mental op.. Inapprop.

-b f/Z f/X f/Z f/% Trials

Interview 1

Cognitive Level.

1 30 21/35

ry

0/0 -0/0 0/0 39/65'

2 78 70/45 25/16 5/03 9/06 47/30

3 66 40/30 43/32 19/14 10/08 20/15

4 48 21/22 35/36 17/18 14/14 9/09

5,6 42 23/27 41/49 . 12/14 8/10 0/0

. Total . 264 175/33 144/27 53/10 41/08 115/22

-Interview 2

i
_

30 13/22
.

0/0 0/0% '0/0 47/78,

2 78 50/32 28/18 '29/18 5/03 44/28

3 66 23/17 35/26 43/32 12;09 19/14'

4 42 9i'l1 .20/24 38/45 10/12 7/08

5,6 42, 9/11 35/42 39/46 1/01 070

Total . 258 104/20 118/23 . '149/29 ' 28/05 - 117/23

Interview 3
4

1 30 : 16/25 1/02 2/03 0/0 41/68

72 46/32 29/20 25/17 13/09 31/22

3 66 8/06 52/39 4f)r3di
,

i 16/12 14/11
.

14 42 0/0 24/28 37/44 14/17' 9/11

5,6 42 0/0 - 25/30 54/64 5/06 0/0

Total _252 70/14 131/26. .160/32 ''48/10 * 95/19
.

I

,

60

156,

132

, 96

84

528

60

156

132

84

84

516

60

144-

132

84

84

504



Table 32

0

Prequencyof_Use of Strategies by-Cognitive Level, Category,

No sentence

for All Level D,E Tasics

Incorrect

.Correct sentence sentence

/ Direct Routine ,Nonroutine All

/ modeling Counting mental op. -mental op. Inapprop. -Alg. Mon-alg. strAt.
.

N f1%- f/X f/X f/X f/% f/2 _f/% f/X

Interview 1

Cognitive Level ,

-1_-

-2 -- 4 -24 3/0 4/08 , . 5/10 3/06 24/50 8/17 1/02 '0/0 48:

3 ' 46 -15/16 26/27,_- 8/08 3/03 . 25/26 18/19 1/01 0/0 =96-
,

-.-

4 42 19/23 21/25 10/12 3/04 14/17 - 16/19 0/0 1/01 84

5,6 42 32/38 , '25/30 12/14 2/02 2/02 _ , 10/12, 0/0 1/01 -84

Total -156 69/22 76/24 35/11 11/03 65/21 52/17 2/01 2/01 312

Interview 2

O.

2 24 13/27 2104 10/21 1/02 14/29 6/12 1/02 1/02 , 48

3 36 21/29 11/15 14/19 0/0 17/24 9/12 0/0 0/0 72

4 42 17/20 12/14 17/20 4/05 18J21 14/17 1/31 1/01 84

5,6 42 10/12 30/36 16/19 0/0 4/05 20)24 3/04 1/01 84

Total 144 61/21 55/19 57/20 5/02 53/18 . 49/17 5/02 3/01 288

Interview' 3

2 24 3/06 6/12 0/0 1/02 15/31 20/62 1/02 2/04 48

3 48 21/22 20/21 19/20 2102 9/09' 12/23 0/0 -3/03 96

4 42 18/21 12/14 13/15 3/04 '15/18 21/25 0/0 2/02--.84

5,6 42 6/07 27/32 15/18 0/0 3/04 32/38 0/0 1/01 84

Total 156 48/15 65/21 47/15 . 6/02 42/13 95/30 1/0 8/03 312

Ui



Table 33
.

Frequency of Use of Strategies by- Cognitive - Level, Category, and Grade for

All Level B-Taaks

° Direct -.Routine Nonroutine-_,

modeling CpUntingi _ menial-op.
.

mental op.
N 1 f/I_ f/% at fl%

Inlapfp/op.

Trials

-- Grade 1
o ,

!COgnitive Level
.

.

1 54 35/32 18/17 15/14 3/03 37/34 108

2 f 42 -24/17 24/29 24/29 :4/05 18/21 84

3 18 19/53; 8/22 . 3/08 0/0 6/17 36

Total 114 68/30 50/21 42/18
a

. ,7/03 61/27 228

Grade 2

1 36 34A) 2/03 0/0 2/03 34/47 ' 72

2 114 106/46 19/08 61/27 4/02 38/17 228

3 36 20/28 9/12 36/50 5/07 2/03 72

Total 186 160/43 30/08 97/26 11/03 74/20 372



Frequency of-Use of Strategies by_Cognitiyeleve1,-Category, and

''Grade for All Level C-Tasks

Direct Routine .Nonroutine
modeling Counting mental' op. mental op. Inapprop.

N fi% f/% f/% f/% Trials =,t

Grade 1

ogniti "e Level
,

....--,--4'

1 54 35/32 0/0 302

2 : 42 36/43 14/17 3/04

3 18 15/42 2/06 0/0 ,,-

4

5,6

. Total 114 86/38 16/07 5/02

1

Grade 2

1 36 15/21 1/01 0/0

2 114 116/51 23/10 19/08

3 36 16/22 26/36. 5/07

4

5,6

Total 186 147/40 50/13 24/06

Grade 3

1

2 72 14/10 45/31 . 37/26

3 144 39/14 102/35 100/35

4 132 3o/ir 79/30 92/35

5,6 126 32/13 103/40 105/42

...

Total 474 115[12 327/34 _ 334/35 77

0/0 71/66 108

2/02 29/34 84

0/0 19/53 36

2/01 119/52 228

0/0 56/78 72

6/03 64128 228

20/28 5/07 72

26/07 125/34' 372

19/13 29/20 144

18/06 29/10 288

38/14 25/09 264

14/06 0/0 252

89/09 83/09 948



4

62

strategies by grades; there is still a significant difference between

use of inappropriate. strategies and cognitive level of the students.

Also, from first to third grade, there is a reduction in use of direct

modeling strategies'and an increase in the use of counting skills and

routine mental operations. These are ovcrali changes not restricted to

cognitive level. Thus, while there is -a distinct effect due to grade,

the effect due to cognitive level is still very strong.'

In Summary

There are important variations in strategies used due to problem

set (size of number), to specific tasks, to instruction over time, and

to grade. Yet, what is clear from air these data is that.children who

have been identified as having different cognitive processing capabilities

consistently use different strategies on these addition and subtraction

tasks regardless of the other important factors.

78
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Appendix A

BASIC PERCENT CORRECT'TABLES



Appendix. Al

Task 1 Joining (+)

Frequency and Percent Correct by-CogaitiveLevel, Task. Level (B4, B-), Grade, and Interview

1

Grade 1
Grade 2

B+ B- Total

Trials

B+ B- Total

Trials
'f/2 f/Z fa, f/% f/% . f/%

Interview 1

-Cognitive Level,

1 3 3/100 2/67 - 5/83 6 2 1/50 1/50 , 2/10 4

2 3 .2/67 2/67 .4/67 6 6 5/83 5/83 10/83 12

3 1 1/100 1/100 2/100 2°, 2 2/100 2/100 4/100 4

Total 7 6/86 '5/71 11/78 14 10 8/80 8/80 16/80' 20

Interview 2 A

>

1 3 -u3 /100 2/67 5/83 6 2 1/50 2/100 3/75 4

2 1/50 1/50 2/50 .4 7 7/100 7/100 14/100 14

3 1 1/100 1/100 2/100 2 2 2/100 2/100 , 4/100 4

Total 6 5/83 4/67 9/75 12, 11 10/91 11/100 1/95 22

Interview 3

0 - ,

1 3 3/100 3/100 6/100 6 2 2/100 0/0 1/50 4

2 2 2/100 2/100 4/100 4 6 6/1 4/67 10/83 12

3 1 1/100 1/100 2/100 2 2 2/100 2/100 4/106 4

Total 6 6/100 6/100 12/100 12 10 10/100 6/60 16/80 20

b

07_

_ _



t

Appen4ix A2

Task 2 Separating

/-
Frequency and Percent Correct by Cognitive Level, Task Level (B +, B-) Grade, and,Interview

'

, Grade 1 -Grade 2

N f/%

Total

N

B+

f/Z

Total

Trialsf/%. Trials f/% f/Z

Interview 1

Cognitive Level

1-

2

' 3

3

2/67,

3/100

3/100

3/100

-5/83 6

6/100 6

2E

6

2/100

4/67'

1/50

4/67

3/75

8/67

4

12

- 3 ' 1 .1/100 1/100 2/l00 2 2 .2/100 2/100 4/100 4

total 7 6/86 .7/100 13/93 14 8/80 7/70 151/5 20

Interview 2

3 3/100 1/33 4/67 6 .2 2/100 0/0 2/50 4"

2 2

. -

1/50 2/i00 _3/75 4 7 6/86 6/86 12/86 14

3 1 1/100 0/0 1150 2 2 2/100 2/100 4/100 4.

Total' 6 5/83 3/50 8/67 .12- 11 10/91 8/73 18/82 22
S

Interview 3

1. 3 3/100 2/67 5/83 6 2 2/100 0/0 2/50 4

2 2 2/160 2/100 4/100 4 6 6/100 3/50 9/75 12

,3 1 0/0 1/100 1/50 2 2 2/100 2/100 4/100- 4

Total 6 5/83 .5/83 10/83 12 10 10 /100 5/50 15/75
-

20

83'



Appendix A3

Task 3 PPW, missing addend (-)

FrequenLy and Percent Correct by Cnitive Level, Task Level (B +, B-), Grade, and Interview

Grade k

13+. B- Total

N f/% Trials N f/% f/Z f/% Trials

Grade 2

B-I Total

Interview 1

'Cognitive Level

1

2

Totd1

3

3
1

7

2/67

' 3/100

0/0

5/71

0/0

2/67

1/100

3/43

2/33

5/83

1/50

8/57

6

o

2

14

2

6

lb

4

1/50

4/67

1/100

7/70

0/0-1

4/67

2/100

6/60

1/25,,

8/67

4/100

i 13/65

4

12

4

20

Interview 2

1

r
- 2,

3

2

2/67

2/100

0/0. 2/33

0100

6

4

2

7

1/50

5/71

1/5G

6/86

2/50

11/Z8

4 ,

3 Al 1/100

.2/100

1/100 2/100 . 2 2 2/100 2/100 4/100 4

Total I 6 5/83 3/50 8/67 12 .11 8/73 9/82 17/77b 22

Interview 3
,

1 3 1/33 2/67 3/50 6 2 1/50 1/50 2/50 4

2 2 1/50 - 1/50 2/50- 4 6 4/67 6/100 10/83 12

3
\._.,

1 0/0 1/100, 1/50 2 2 2/100 2/100 4/100 4

Total % 6 - 2/33 14/67 .6/50 12 10 7/70 9/90 16/80 20



Appendix A4

Task 4 PFW

Frequency and Percent Correct by Cognitive Level, Task Level (B+, B-), Grade, and Interview

Grade'1 Grade 2

B+ B- Total B+ B- Total

, N f/Z f/% Trials f/Z f/% Trials

Interview 1

Cognitive Level
.,.

1 3 3/100 2/67 5/83 6 2 0/0 1/50 1/25 *

2 3 s, 2/67 2/67 4/67 6 6 4/67 4/67 8/67

3 1 1/100 0/0 1/50 2 2 1/50 2/100 3/75

Total 7 6/86 4/57 10/71 14 10 S/50 7/70 12/60
t.

4

12

4

20

Interview 2
a

1 3 1/33 2/67 3 50 6 2 2/100 2/100. 4/100

2 2 1/50 2/100 3/75 4 7 7/100 6/86 13/93%
1,

3 1 1/100 1/100 2/100 2 2 2/100 2/100 4/100

Total 6 3/50 5/83 8/67 12 11 11/100 10/91 ' 21/95

.

Interview 3,

t
.

1 3 2/67 2/67 -4167 -6 2 2/100 2/100. 4/100

2 2 2/100 2/100 4/100 4 6 6/100 5/83 11/92

3 1 1/100 1/100 2/100 2 2 2/100 2/100 4/100

Total 6 5/83 5/83 10/83 12 , 10 10/100 .9/90 19/95'-

4

14

4

22
.

4

12

4

20

85



Appendix A5

Task 5 Comparison,(-)

Frequency and Percent, Correct by Cognitive Level, Task Level (B+, B-), Grade, and Interview
0

Grade 1 Grade 2

14+ B- Tolal

Trials N

B+ B- Total

f/% f/% f/%' f/% f/% f/%

Interview-1

Cognitive Level A

1 3 0/0 1/33 1/17 6 2 0/0 0/0 0/0 4

2 3 1/33 1/33 2/33 ' 6 6 3/50 3/5U 6/50 12 -Zei

3 1 0/0 0/0 0/0 4 2 2 1/50 2/100 3/75 4

Total 7 1/14 f, 2/28 3/21 14 10 4/40 5/50 9/45 20.

Interview 2

1 3 1/33 1/33 2/33 6 2 0/0 0/0 0/0 4

2 2 1/50 1/50 2/50 4 7 2/28 4/57 6/A1 14

'3 I 1/100 1/100 2/100 2 21100 2/100 4/100 4

Total 6 3/50 3/50 6/50 12 11 4/36 6/54 10/45 22

interview 3

1 3 2/67, 2/67 4/67 6 2 Q/G 0/0 0/0 \ 4

2 2 1/50 1/59 . 2/50 4 6 2/33 2/33 4/33 ',.1.2

3 1 0/0 0/0 0/0 2 2 2/100 1/50 .3/75
.,

Total 6 3/50 , 3/50 6/50 12 10 4/40 5/30 7/35 20\

r.
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Appendix A6

Task 6 Joining, missing addend"( -)

Frequency and Percent Correct by Cognitive Level, Task,Level (B+, B-), Grade,..and Interview

Grade 1 Grade 2

B+ B- Total B+ B- Total

N f/% f/% f/2 Trials N f/% f/% f1% Trials

Interview 1

_Cognitive Level

1 1 2/67 1/33 3/50 6 2 0/0 0/0 0/0 4

'2 3 2/67 2/67 4/67 6 6 2/33 5/83 7/58 12 ',

3 1 1/100 1/100 2/100 2 2 2/100 2/100 4/100 4
...,--

Total 7 5/71 4/57 , 9/64 14 10 4/40 7/70 11/55, 20 ---i-1

1_1

Interview 2

1 3- 2/67 0/0 2/33 2 1/100 1/50 3/75 4

2 2 2/100 2/100 4/lu0 4 7 6/86 7/100 13/93 14

3 1 0/0 1/100 1/50 2 2 2/100 2/100 4/100 4

Total 6 4/67 '3/50 7/58 12 11 10/91 10/91 20/91 22

Interview 3

1 3 '3/100 . "2/67 5/83' 6 2 2/100 1/50 3/75 4

2 2 2/100 2/100 4/100 4 6 6/100. 6/100 12/100 12

3 1 1/100 5' 1/100 2/100 2 2 2/100 2/100 4/100 4

Total -

1

6 6/100 5/83 11/92 12 10 10/100 9/90 19/95 20

87



Appendix A7

Task 1 Joining ( +)

Frequency and Percent Correct by Cognitive Level, Task Level (C+, C-),Grade, and Interview

Grade 1
O

Grade 2 Grade 3

C+ C- Total C+ C- Total C+ -C- Total

N f/% f/% f/% rTrials N f/% f/% Trials N f/% f/2 Trials

Interview 1

Cognitive Level

1. 3 2/6*7 0/0 2/33 6 2 1/50 0/0 .1/25 4
,,..,

2 3 1/33 2/67 3/50 6 6 2/33 4/67 6/50 12 4 4/100 4/100 8/100 8

3 1 0/0 . 0/0 0/0 2 2 2/100 1/50 3/75 4 8 7/88 8/100 15/94 16 .

4
8 6/75 8/100 14/88 16

5;6
0

7 5/71 7/100 12/86 liv

Total 7 3/43 2/29 5/36 14 10 5/50 5/50 10/50 20 27 22/81 27/100 49/91 54

Interview 2

1 '3 2/67 0/0 2/33 6 2 1/50 2/100 3/75 4

'2 2 1/50 1/50- 2/50 4 7 6/86 4/57 10/71 14 4 4/100 4/100 8/100 8

1 1/100 -0/0 1/50 2 2 2/100 2/100 4/100 4 8 8/100 6/75 14/88 . 16

4 ,
-..,

. 7 7/100 6/86 13/91 14

" 5;6 7 7/100 7/100 14/100 14

Total 6 4/67' 1/17 5/42 12 11 9/82 8/73 17/77 22 26 26/100 23/88 49/94 52

Interview 3

1 3 1/33 0/0 1/17 6 2 0/0 0/0 . 0/0 4

2 2 2/100 0/0 2/50 4 6 4/67 5/83 -,9/75 12 , 4 4/100 3/75 7/88 - 8

3 1 1/100 0/0 . 1/50 2, 2 2/100 2/100 4/100 4 ,8 8/100 7/88 15/94 16

4
7 7/100 6/86 13/93 14

5,6 4
7 7/100 7/100 14/100 14

Total 6 4/67 0/0 4/33 ,12 10 t 6/60 7/70 13/65 20 26 .26/300 23/88 49/94 52



Appendix.A8

Task 2 Separating'(-)

Frequency and FercentCorrect by Cognitive Level, Task Level (01-, C-), Grade, and Interview

p Grade 1 trade 2 Grade 3

C-- Total C- Total C- Total

N f/% f/2 Trials N f/% f/% f/% Trials N LI% f/% f/1 Trials

Interview 1

Cognitive Level

1 3 2/67 1/33 3/50 6 2 1/50 0/0 1/25 4

2 3 0/0 1/33 _1/17 6 6 4/67 4/67 8/67 12,' 4 4/100 2/50 6/75 8

3 1 0/0 "0/0 0/0 2 2 1/50 1/50 2/50 4 8 7/88 5/62 12/75 16

4 8 5/62 7/88 12/75 16

5,6 7 5/71 7/100 12/86 14

Total 7 2/29 2/79 4/29 14 10 6/60 5/50 11/55 20 21 21/78 21/78 42/78 54

Interview 2

1 3 2/66 0/0 2/33 6 2 1/50 0/0 1/25 4

2 2 2/100 1/50 3/75 4 7 6/86 5/71 /11/78 ,14 4 3/75 3/75 6/75 8

3 1 1/100 0/0 1/50 '2 2 2/100 1150 3/75 4 8 6/75 6/75 12/75 16

4 7 6/86 6/86 12/86 14

5,6.
7 7/100 7/100 14/100 14

Total 6 5/83 1/17 6/50 12 11 9/82 6/54 15/68 22 26 22/85 22/85 44/85 52

Interview 3

1 3 0/0 0/0 0/G 6' 2 0/0 0/0 0/0 4

2 2 2/100 0/0 2/50 4 6 5/83 4/67 9/75 12 4 3/7; 3/75 6/75 8

3 1 1/100 0/0 1/50 2 2 2/100 2/100 4/100 4 8 8/100 8/100 16/100 16

4
7 5/71 5171 10/71 14

5/6 7 7/100 7/100 14/100 14

Total 6 3/50 0/0 3/25 12 10 7/70 ,6/60 13/65 20 26 23/88 23/88 46/88 52



Appendix A9

.Task 3 PPW, missing addend-(-)

Frequency and Percent Correct by Cognitive Level, Task Level (C +, C-), Grade, and Interview

Grade 1 Grade 2 Grade 3

N

C+ -C- Torar

Trials

C+ C- Total

Trials N

C+ C- Total

Trials
f/% LIZ N f/% f/Z .f/% f/Z

..
Interview 1

Cognitive Level

1 3 2/67. 0/0 2/33 6 2 1/50 0/0 1/25 4,

2 3 1/33 2/67 3/50 6 6 4/67 2/33 6/50 12 4 3/75 4/100 7/88 8

3 1 0/0 0/0 0/0 2 2 1/50 1/50 2/50 4 8 7/88 7/88 14/88 16

4
8 7/88 8/100 15/94 16

5,6
7 7/100 7/100 14/100 14

-Total , 7 3/43 2;29 5/36 1 14 10 6/60 3/30 9/45 20 27 24/89 26/96 50/93 54

Interview 2

1 3 1/33 0/0 1/17 6 2 0/0 0/0 0/0 4

2 2 2/100 2/100 4/100 4 7 6/86 2/28 8/57 14 4 3/75 3/75 6/75 8

3 1 11100 0/0 1/50 2 2 2/100 2/100 4/160 4 8 8/100 '7/88 15h94 16

4
7 3/43 5/71 8/57 14

5,6
7, 7/100 7/100 14/100 14

Total 6 4/67 2/33 6/50 12 11 8/73 4/36 12/54 22 26 21/81 22/85 43/8' 52

Interview 3

1 3 1/33 0/0 1/17 6 2 1/50 0/0 1/25 4

2 2 2/100 1/50 3/75 4, 6 6/100 5/83 11/92 12
.

4 4/100 2/50 6/75 8

3 1 1/100 0/0 1/50 2 2 2/100 2/100 4/100 4 8 8/100 7/88 15/94 16

4
7 5/71 5/71 10/71 14

5,6
7 7/100 6/86 13/93 14

Total 6 4/67 1/17 5/42 12 10 9/90 7/70 16/80 20 26 24/92 20/77 44/85 52

/

/

93
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Appendix A10..

Task 4 PPW ( +)

Frequency and Percent Correct by Cognitive Level, Task Level (04-,bC-), Grade, aad Interview

Grade i Grade 2 Grade 3..

C+ C- Total C+ C- Total C+ C- Total

...

N f/Z fi% f/Z Trials N f/%. f/% f/% T.ials N f/% f/% f/% ;Trials

Interview 1

Interview 2

Interview 3

Cognitive Level 0

'1 , 3 2/67 ,, 1/33 3/50 6 2 1/50 0/0 1/25 4 ,

.

2 3 3/100 1/33 4/67 it 6 6 4/67 4/67 8/67 12 4 1/25 2/50 3/37

3 1 1/100, 0/0 1/50 2 2 2/100 1/50 3/75 4 8 7/88 6/75 13/81

4
8 6/75 6/75 12/75

5,6
.7. 7/160 5/71 12/86

Total 7 6/86 2/29 8/57 14 10 7/70 5/50 12/60 20
..

27 21/78 ,14/70 40/74

14

54

1 3 1/33 2/67 3/50 . 6 2 1/50 0/0' 1/25 4

2 2 1/50 1/50 2/50 4 7 6/86 3/43 9/64 14 4 4/100 4/100, 8/100 8

3 0/0 0/0 0/0 2 2 2/100 2/100 4/100 4 8 7/88 7/88 14/88 16

4
. 7 7/100 71100 14/100 14

5,6
7 7/100 7/100 14/100 14

Total 6 2/33 3/50 5/42 12 11 9/82 5/45 14/64 22 26 25/96 25/96 50/96 52

1 3 2/67. ,0/0 2/33 6 2 1/50 0/0 1/25 4 \-
... .

2 2 2/100 1/50 3/75 4 6 4/67 5/83 9/75 12 4 4/100 2/50 6/75 8

3 1 1/100 '0 /0 1/50 2 2 2/100 2/100 4/100 4 8 7/88 6/75. 13/81 16

4
7 5/71 12/86 14

5/6 /
7' 7/100 ;Atm 14/100 14 .4

un

Total 6 5/83 1/17 6/50' 12 10 7/70 7/70 14/70 20 26 25/96 20/77 45/86 52

.1 .

94
.

95
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_ Appendix All

Task 5 Comparison (-)

Frequency and Percent. Correct by Cognitive Level, Task Level (C+, C-), Grade, and Interview

A
.

r Grade 1 Grade 2
T

Grade 3

C+ C- Total' C+ C- :Total. C+ C- Total P

N f/% fi% f/% -- Trials N T/% .f/% fli ° Triitls N f/2 f/% 'ff% Trials

Interview 1

,
.

Cognitive Level' Y. ..

,

0
0

.

1
.

3 Ohl 0/0 0/0 6' 1. 2 0/0 0/0 ,o/o

2 3' 2/67 1/33 3/50 6 '6 2/33 1/17 3/25

, 3 1 0/0 o/o, 0/0 2 2 ' 2/100 1/50 3/75

.4
i

5,6 .
,

Total 7 . 2/29 1/14' 3/21 14 10 4/401 2/20 6/30

'

4

14 4 -3/75 3775 1 6/75 8

4 i 8 7/88 6/75 13/81 16
, .

7 6/86 7/100 13/93, 14
r4

7 7/100 * 5/71 12/§6 14

22 26. 23/88 21/81 44/85 " 52

., 1

.
t

4 ' . -.1
44

12 4 3/75 . 2/50' y62 _8'

4 8 7/88 5/62 12/75 16

8 7/88 6/75 13/81 ..16

4
., 7 7/100 7/100 14/106 '14

.20 27 24/89 20/74, 44/81 54

4

a,

4
. ,-

.

12 4 3/75 3/75 6175 t

4 8. t/75, ,7/88 13/81 16

7 6/86 '6/86 12/86 14141
1

7 ,-. 6/86 7/100 13/93 14

20 A ;.21/81 23/88 44/15 52'

.

'

$

'Interview 2

1 3 1/33 0/0 1/17 , 6 2 0/0 0/0 . 0/0

2 2 1/50 0/0 1/25 '4 .7. 3/43 1/14 4/29

3 1 1/10d. '0/0 1/50 2 2 1/50 2/100 3/75

4 .

d

5,6

Total Q6 3/50 Oho 3/25 12 11 4/36 3/27. 7/32
e,

\
Interview 3

1 3 0/0 0/0 o/p 6 '2 0/0 0/0 0/0

2 2 0/0 -0/0 .0/0 4 4 6 1/17 ,1/17 2/17
.

1 0/0 0/0 0/0' 2 2 2/100 2/100 4/100

4U t 4

. 5i'6 , e
Total 0/0 OtO 0/0 .12

,

10 3/30 3/30 6/30

1

_



_

'A Appendix Al2

Culk Joining, missing addend 0

Frequency and Percent Correct byObgzitive Level, Task Level,(C+, C-), Grade, and Interview

% -

I - -

Grade 1 - Grade 2
A

Grade 3

C+- C- C+ C--, Total C+ C

IN. fa, f /XjX Tiials N fl% -f/X f/Z Trials N f%1 1/% o fn Triir
--t

Interview 1

Cognitive Level
4or

,

1 .3 1/33 0 /0 .I/17 6 2 0/0 10 /6 0/0 4

2 ,3 3/100 1/33- 4/67 6 6 3/50 1/17 .4/33 12 4 3/75 -4/100- ,708 8 -

1 3 , 1 0/0 0/0 0/0 2 2 2/100 2/100_ 4/100 4 8 5/62 , 7/88 '12/51 . 1...

-4
8 6/75 7/88 13/81 16 it

516 .. \ 7 7/100' 7/100 14/100. ..' 14 \
-

*A

Total 7, . 4/57 1/14 5/36 .14 10 5/50 3/30 8/40 20 27 21/78 25/93 46/85 54 \ I -_-

. N -!\

tt Interview 2 .7.

1 j 3 '0/0 0/0 0/0 f 2 1/5p 2/100 3/75 ,4
'I

4 2 2/100. 1/50 3/75 4 7 6/86 '3/43 9/64 14 4_ 305 3/75 6//5 ' 8
/

3 1 1/100- 0/0 1/50 2 2 2/100 1/50 V75 4 8 7/88 2/100 15/94 16
.

4 .
7 6/86 6/86 12/86' 14,

5;6. 7 6/86 7/100 13/93 14

'4ota1 6 '3/50 1/t7 4/33 12 11 - 9/82 1/54 , 15/68 22 26 22/85 24/92 46/884" 52

Interview 3

- .

1 3 1/33 0/0
*

1/17 f 6 2z -1/50 0/0 1/
. ,

2 , 2 2/1004 1/50 .3/75 4 6 6/100 4/67 10/83 " 12 4 3/75 4/100 - 7/88 8
.

3 21.- 1/100 0/0 1/50 2
- ,

2 2/100 2/100 4/100 - 4 8 8/100 6/75 14/88 16

4 '

. '7 6/86 6/86 12/86 14

4 *
5,6 l

. .

. 7 t 7/100 7/100 14/100 14

Total 6 4/67 1/17 5/42 12 10 904.04/60 15/75 20 26 24/92' 23/88

I



Appendix; A13

Task 1 Joining. (4-).

Frequency and Percent Correct by Cognitiv Level,

Task Level (D,E), and Interview

Grade 3

/%

,44

f/% 1' Total Trials

Cogriktive Live1 .4
..'

,

2

3

4,

5,6

Total

4

.6,6

Total

2/50 2/50 4/R) 8

. 8 8/100 ',/ 5/62 13/81 16

% ,,7 . 6/86 :5/71: 11/78 1
'.

7 5/71 6/86 .11/78 14

26 21/81 181169 -' V39/75 52

(

. Interview 2

Interview 3

0

I

4' '3/75 s 13/25 . ,4/50 . 8
i"--\

6 6/100.- 6/lop 12-/loo. : 12

7 6186 4/571 10/71 , 14
. ,

7 7/100- , 5/71 ° 12/86 14

24 22/92' 16/67 38/79 48

4 4/100 4/100, ,87100 8

8 7/88 7/88 14/88 16

' 7 6/86 -6/86 12/86 14

i 7/100 .7/100: 14j100. '14

26 '24/92 24/92 '48/92 52
.

1;

roc



Appendix A14.

.4
Task, 2 Separating (-)

Frequency. Percent- ct by.Cogniiive Level

Tao e1 (D,E), and Interview
2

1'

4

.

Cognitive-Level

: 2.. , 4

3 . .8.

. 4 7

5,6 `i 7 ?

Total 26 :

N

Grade 3:

D E

Total Trialsf/7; f/%

,

1/25 0/0 1/12. 8

6/75 2/25 8/50 16

3/43 2/28 5/36 14

5/71 4/57 9/64 14

15/58 8/31 23/434 a 152

Interview,2,

2 4

3 6 ,

4 7 .1

'/ 5,6 7

Total 24.

,

2/50 1/25 3/37

'5/83 .2/3, 7/58

3/43 4/57 "7/i0

6/86 5/71 11/78

16/67 12/50 28/58

i8

12

14 .

14

48

Interview 3

2- '4* 3/75 -3/75

3 8 6/75 6/75

4 7. 5/71 4/57

5,6 7 6/86 5/71"

Total Z 20/77 18/69

,
.

p

.10i

.6/75 8

12/75 16

9/64

11/78' 14

38/73j 52
/

1
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Appendix Al5
4

64 _
.

Task 3 PEW, missing addend (-)

FreqUency'and l'ertent Correct by Cognitive Level,

Task `Level (D,E), and Interview

Grade 3

4
D .

f/% f/% Total Trials

Interview' 1

Cognitive Level si

.

2

a

4

5,6

Total

:I

3

4

,5t6,

Total ..

4 1/25!' 0/0 1/12 -8

3 8 4/50L. 1/12 5/31 16_

7 2/28 4/57, 6/43 14

7 5/71 6/86,!- 11/78 14

26 12/46 11/42 23/44 52

Interview 2

4 2/50 1/25 . 3/3,7 8

6 3/50 3/50 6/50 12

7. 4/57 , 2128 '6/43 14, .

,7 6/86 : 5/71' *: 11/78 14

24 24 15/62, 11/46 . 26/54 48

.

Interview 3

4 3/75 2/5D 5/62 8
)

8 - 7/88 4/50.- 11/69 - 16

7 6/86, 4/57 : 10/71 ,14

7' 6186 ° 7/100 13/93 14

26 22/85 17/65 ' 39/75 \ '52

A-



AppendiX

T sk 4 PPW _(+)

Yresp.teacy_and_Percent Correct by Coeitive Level

1. Task Level (D,E); and Interview

7 Gtade 3

9 1

OS

4

E

in Total - Trials

Interview

C

Cognitive Level

2 4 2/50 /0/0 2/25 8

8 ,4/50 5/62 , :9/56 \16

4 7 6/86. 5/71 .11/78 14
C

5,6 7 5/71 6/86' . 11/78 14'

Total 26 .7/65 '16/61 33/63 52

Interview '2

2 / 4' 3/75 2/50 5/62 8

3 6( 3/50 5/83 - 8/67 \L2 '.

1

4 7 4/57 -' - 4/57 ' 8/57 14

5,6 7 7/100 ` 71100 '14/100 lk
,

Total* 24 17/71 18/75 N . 35173
-.'

48\

.

Interview 3

1 ,

2 4 3/75 4/100 7/87 .8-

7/88 7./88 . 14/88 16

'40 4 7 - 7/100_2i-3/71 12/86), 14

5,6 7' 7/100!.' 7/100 4/100 14

Tcital 26, 24/92 23/88 47/90 52

Y

a'

a
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Appendix-A17-

--Task 5 COmparison (r)

Frequency and Percent Correct by Cognitive Level,

TaskiLevel '(5,E), and Interview 1

Grade 3
i Lt

D E

f/% f/% 'Total Trials

Interview 1

- *

Cognitive Level

2 14_________J,25 142

6 1

8

3

4

- 5,6

Total

8

7

7

26

5/62 4/50

3/43 2/28

6/8 6 4/57

15/58 10/38

l'.---9/,,

5./36

.-10/71

25/48

16

14

14

52

'Interview 2

2 , 4' 3/75 4/100 7/87 8

3 ', 6 6/100. 4/67 10/83 12

J4 7 3/43 4/57 7/50 14

5,6 7 7/100 5/71 '12/86 14

Total 24 .19/79 1/7 36/75 48

Interview 3

2 44 ---2/50 2/50 .4/50

8 4/50 5/62 9/56 ' 16

4 7 A/57 4/57 8/57 14

5,6 7 14/57 4/57 8/57 14

Total. 26 /4/54 '15/58 29/56 52

104



Task 6 Joining,, inissing addend (-)

Frequency and PercentCorrect by Cognitive/Level,
4

Task Level (D,E), and Interview

Grade-1

c 8 3

Cognitive Level

2

5 4
0

'.5,6
,..

Total .

3

4

5,6

Total.

$

2

3

4

5,6

.Total

D E
'3

f/% . Total Trials
4

Interview I

Interview 2,

,01 1

a4 1/25- 1/25 2/25

8- 1- 6/75 --4/-504 10/62

7 6/86 4/57 - 10/71 14
.-

7 .. 7/100' 7/100 .14/100 i4

26 20/77' ''416/61 36/69 52

4 4/100 ' 1/25 . 5/62 8

'6 3/50 4/67 7/58 12
?

7 I/. 2/28 3/43. 5/34 14
.

7 0. 7/100 6/86 13/93 14

.2.4- 16/67 14/58' 30/62 48
,

Interview 3

..

1.

4 1/25 2/50 ' 3/17 8

8 7/88 5/62 12/75. 16 .

7,- ,1100 6/86 13/93 14
. .

7 6/86 5/71 11278 Y 14

26 .. 21/81 18/69 39/75 52'

'

A
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BASIC STRATEGY TABLES
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Appendix Bl

Task k Joining (+)

Frequenclof Use of Strategies by Category.,-Cognitive Level, Task Lev el (B+, Grade, and Interview

Routine
mental

Nonrontine
Direct mentilj

I operationModeling Counting operation Inappropriate 8trategies

s'

CA CL # Fact
?

I
Sub Ileur. Guess Confuded Uncoil Giv i Oper ' Not *dm

it

N 4+ ,B-
.

8+
,
-B- , )3+ B- B+ B- B+ B- P,+ B- B+ Br B+ B- 8+ B- II+ B- B+ is:.

.1

\
. Interview 1, Grade 1

p
Cognitive Level

* . 1

2

3 __

Total

e 1

3

1

s'",-."7

1

1

1

3

2

1

3

%ip

1

e
1

1

1

2

,

ili 0

1

1

2

1

1

1.

1

O 0 1 0 0 0

1

1 0 0 0 0

Interview 2, Grade 1a

1 3 2 1 1. 1 1
ti

2 2 1 1 1 1

3 1 1

4. Total 6 3 3 0 '0 1 0 1, , 0 0 0 0 1 0 0 0' 0 1 2 0 '0 0

ti Interview 3, Grade 1

1 3 1 1 1

2 2 1 1 1

3, 1 1 1

Total 6 2 1 1 0 1 0 0 0 0 0 0 0 0 0 0

Interview 1, Grade 2

1 2 2 1

Z 6 5 3 1 3
.

'3 2 1 1 2

jotal. 10 8 4 ' 0 0 0 0 2 5 O 0 , 0 0 0 0 0 0 0 0 0 0

II+ 8-:"'Tiialam

6

6

2

14.

4

2

0 0 12

6

4

2

0 0 12

'0

1 4 .

12

140 8 .

1 20

,( con t inued )
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Appendix Br(continued)i

Direct
n sodeling., Counting' operation operation,/Ro tine ? Nonroutine

ntal 1 - mental

,47

Inappropriate Strategies

N

I Pact Sub Heur Gummi_

i.
Confused Uncod giv.0 Oper'.__Ittr.dm

Trials
. .,...,

-Iv--
B+ B-. Bt

///'"
Al- M. B- 'B+ D-' Pr+ B- 104 B-. B+ B- bF B- 1,4 B- B4 14-'

.

I* B- -B+ II-

Intel-4141i 2, Grade/2 r

1 2 2 1 -. 1 4:

2 7 4 3 2 3 1 1. 14t

3 2 1' n1 1 1 *. 4,

Total 11 5 . 5 0 0 0 0 3 4, 2 2- 0 0 ,. 0 0 0 0 . 1 0 0 0 0 0 0 0 22

Interview 3,<Grade 2

1 2 2 1 1 4

2 -6. 2 3 3 1 12
-d

3 2 1 . 1 1 4

Total 10 0 0 4 4 0 1 0 , 0 0 0< 0 0 0 2 0 0 0 0 0 0 20.;
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e

110
N.

0

114
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Task -2 'Separating (-)

Frequency of Use of Strategies by Category, Cqgnitive Level, Task Leliel (3$, B-), Grade.-and Intekview,
,

. ,

.

Direct modeling

.F T HA

Counting

' Routine Nonrodtine_
mental mental ,

operation operation .c Inappropriate-Strategies. \.,-,__

. .

DP' u9 DT # Fact .
v .

Heur Guess Confused Uncod _Civ I °Oper\ "IInt--adm-
-....---

N Di B- D+ '11. :II+ IS- B+ B- D+ B- . D+ IS- D+ B- IS+ B- D+. IS- D+ IS- 14. 8-- tre B- IS+ IS- Di.- -11A ;111+..;`.11- Trials
....

/
interview 1, Grade 1

Cognitive Level .

1

2 .

3

Total
4

3

3

1

7

1

1

1

3

,

1

1

1

3

1

.-. ,

1 0 0 0 0 0 G

1

1 0

2

.

0 0 0" 2

.

2

1

3 ' 0 6 .. o 0 o- b

1

1 0 0 0 0 0'

b.

0 4e

IntervitV 2, Grade 1
,

3' 3 1 1 1

2 2 2 1 1
4-

1 1
) I ,1 2

Total 6 4 0 0 0 0 0 0 .0 0 1 0 0 0 0 0 2 1 0 0 1 C' 0 1 1 0 1 0 0. 0 0

Interview 1, Grade 1

1 3 2 2 1 1

2 2 1 1 1 1 4

3 1 1 '1

Total 6 4 3 0 0 0 0 0 0 0 0. 0 0 0 r- 0 1 1 -0.. 1 0 0 .0 0 0 0 . 1 0- 0 12

'4 Interview 1, Grade 2

. a
q

1 ,_.... 0 2 2 1 ... . , . 4

2 , 6 1 : 1 1 12t

3 2t ;
17

1 2 1
, . Itai

Total A0 . 6 0 0, 0 0 ' : 0 0 0 0 0 1 ..,0 O. 3 2 0 0 O. 0 0 0 0 0 Q 0' 0 0 . 0 1 20`
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Appendix A2 (continued)
4-

_ 4-

44t.

. -
Direct nodiling

' itikutiner 16ental
Counting operitioo

Acnrciutine
mental
operation Inappropriate Seraglio:a

Trials =

1 T- MA AO dt UG DT - I Fact Baur Guess
.

Confused Uncod - Giv i Oper .Not ads

13* 3- Di- 3-4' 14- B- 34- 3- B4- 3- D+ ' B- 14- 13- B+ 13- 144- B- 14- B- ?A 3- 1+ 13- 34- IS- D+ 1,-.

--
DI- la-

Interview 2, Grade 2

1

2

3

T,otal

2

7

2'
11

4

1

7

5',

6

v .

0 0 0 0

II

0

1

1 1

1
0

1

1 0 0 0 0 2 1

1

0

0 1

4

1 ,

,2 1

0 0 2 2 0 0 0

4 I_

22

a
InteivIew 3, Grfle 2 *

.. , Z'

2

3

Total

,
2

6"
2,4

10

I

2

3

1

.6 4

3

1

4. 0 , 0 . 0 0 O's 0 0

3 3

1 1'
i .

0 0 0 0 0 4 4 0 0

1

0 1

1

0. 0 0 0 0 0 0 0 0

1.2

iCs

2

0.
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'Appendix )53

\c-

Task 3' PPW, missing addend (-)

Frequency of Use of Strategies by Category, Cognitive Level, Task
Level (B-1-,...15-), Grade, sad Interview

t e

:

° MA

N _ 11+ B- `P0+ B-4

_Cognitive Level
=

1 3 2 1

3 l' 1

-2 3 1 1

Total j 3 1 0 0 14 0 1 0 '

2

3

Total

,\

3 1

2 1 1

1 t,-1 -1

.6 3' 2

Direct modeling

0 0 0 0

COunting

Routine Nonroutine

mental, , mental

operation operation

4

Inappropriate..S4mtegies

?

DP UG 1 DT f Fact Heur Guess Confused On cod Civ 04' Oper

P0+ II- It* IS- 4+ B- B- B+ Pi+ 3- _IN-_ IS- Pi+ B- -I- Trials

Interview 1, Grade 1

1 2

,1

0 0 0 0* 6 o. l 0 6 1 2 0 0 0

1
0 6

1

2

0 1 0 0 0 0-. 14

f

Interview 2, Grade 1

0 6 0

1

0 0 0

Interview 3, Grade 1

1 1 0' 0 1 .0. 0

1

1

6'

.2

0 0 0 0 12

1

2.

3

total

3

2

' 1

16

2

1
.1 0

1

1 0 0 " On 0

1

2

Total

2
6

10'.

1

4

5

4

4

A

1

1 0 O.

r

0 '0 0

1

0 0 1 1 0 0 0

Interview 1, Grade 2

1 2

0 0 0 1 0 ,0 2

42

1

1

1

1 0 1

3 ,2
1

2 0 0 2

1 6

1 1 4
a

A' 2

0 0. 0 0 0 0 0 2. 1 0. o 0 0

0

1 ,, 4

0
12

lir A 4

0 0 .0 0 0 1 20
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Appendix 33 (continued)

)1

Direct modefini
1 Counting

Routine
6 !mental

operation

NonrOutine
mental
operation InappropriateStroiegia4

;Trials
T. 14A AO j)lt UG DT 4 fact Heur Guess . Confused Uncod

Bal-

Giv.#

3-

Oper itt'adat

31- 14- 11+ 3 1+ 11+ 3- 8+ B- 34- B- IS- DA-
\

/f1- . 93+ I

Interview 2, Grade 2

1
.

. `

', 3

. Total

2

1

,2

11

1

:4

1

6

1

4

1

:

0 0 0 0 0 0- 0

1

1

1

0 0 0 1 1 0 0 0 0

2

2

1

1

2

V:

0

1

1

1

1 0 0 s '0

14

4 *

22

Interview 3, Grade 2

1

2

I Total

2

6

2

}O

1

2

1

4

1

2

1

4 0

1

1 0
1

0 0 0

4

1 0 0

E

a 3

1

0 0 0 4 ' , '

3 '
3 0

1

1

4

0

1

1 0 , 0

1

1 0

1

1 0

.,

0 0 0 0,

. 4

12.
4'

20

4 .

41'

1.

.

a.

la
a -

Ja/

S

er.P

a

4.>

'0,

.4

r
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_
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- Appendix B4

Task 4 PPW (+) . ,
Frequency 'of Use of Strategies by'`C-ategory, Cognitive Level, Task'Level (B1, B-), Grade, and Interview

Cognitive tevel_ .

1

2.

.) 3
Total.

1

.2

3

Total

l'

2

.

3

Total

Direct
modeling CouoNteg

Routine _ Nonroutine
mental mental 1

operation operation . Inappropriate Strategies. ' ,.

,,Y ,.,' .
. 7' --

CS _ CL F Fact Sub Hear -Guesi Confused Uncod ' Giv F .Oper Not ada

B+ B- BI- B- I* B- )3+ -B- 13+ B -, B B- B-1- .B- B4. B- B+ B- B4- .13- 13'i:",, 13- 13+ iB- Trials
.

10

2

,Interview 1, Grade 1

.

3- 1 1 1 1 2
1

3 1 1 1 1 1 1

1 1 .1 .

- -7 2 1 2 1 1 2' 0 1 3 0 0 0 0 0".' 1 0 0 1

interview 2, Grade 1

Ix1 1 , 2.

2 fe" 1 1 1
4

t.
1 1 1

4
6 3 3( 0 0 0 0 -0 2 0_ .0 0 0 Q l << 0 `0 3 Y 0 .0 0 0

e

,
Interview 3, Grade 1

3 -.1 1

'2 1 1 1 1

s.

1 1

1 6 4 1 0 2 1 2 0 0 0' 0 0 0

2 1

4 4 1

1 '1
7 5 0 0 1 1 2

.
/ .r

-Interview'l, Grade 2

2

1

3 0 0 0 0 0 0 0

4;"

1

0 0

1 ' 1 0 0 0 0

0 0 0 0 '0 0

0.

\__ a

6

_ 2

0 0 12

'0 0 12

0 1 20

6

2

1 '4

12 1
,4
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Appendix B4 !continued)

Routine Nonroutine
Direct mental :mental
modeling Counting operation . operation Inappropriate Strategies

?

CA \ CS CL i Fact Sub Heur Guess Confused Uncbd .Giv I 'ftOper Not ada

N 13+ B- 5+ B+ B- B+ B- 5+ B-1 B+ A7 B+ B- B+ B- B+ B+ B- 11+ B- B+ B- Trials

.1 r Interview 2, Grade 2

4

2

3

Total

'

t

2

7

, 2

11

2

5

1

8

2

3

1

6 0

1

I 0

1

1

2

1

3

1

1

2

.

*,

0 0 0 0
_t

0

1

1 0

../

0 0 0 .0 0 0 0 0 0

4r
*c 14

4

22

Interview 3, Grade 2

.

4

"1

2

3

Total

....

2

6

2

10

1

3

1 ,

5

a

3

1

6 0 0 C. 0

2

1
1

3

3.

1

4

t

1

1 0 p o 0 q 0 0

1

1 0 0 0 0

4

0 0 0

*. 4

12

4

20,

121

122



Cognitive. Level

1

2

3

Total

1

3

Total

2

3

Total

1

2

3

Total

Appendix 15

, 'Task 5 Comparison (-)
0

Frequency of Use of Strategies by ;Category, Cognitive Level,
Task Level (b+, B-), Grade, and Interview

3

2

1

e 0

Direttsodeling

T

Counting

AO DI 11G

bf *3- D+ 3- 3+ 3+ 3- 34, 31 3- 3+, 3-

.4

3 1
1 1 1 1 1 ,

3,
1 1

1
1 '

,

',' 1 1_ . .6

1

1. 1. 0 . 2

7 0 0 0 0 1 0.* 0 1 1 0 0 o o 0 :0 1 0 0 1 2, 1 0 2 2 0 ,0 0' 0 14-1

l 1 1
1 1 1

1 1 1 1 4

1 1

2,

0 0 0 0, 0 0 0 0 0 0 0 0 3 3 0 0 2 . 0 0 0 0 0. 1 2 0 0 0 1 12

2 f., .;..&-

.

1
-

1 1

6 0 0 .,0 0 1 0 0 0 0 0 1 2 0 0 0. 0 0 0 1 , 1 1 1

Interview 1, Grade. 2

2

6 2 1 .1 1 1

2

10 2 1 0 0 1 0 0 -1 0 O. 0 1 0

Interview 1, Grade 1

-.
Interview 2, Grade 1

Interview 3, Grade 1

Routine Nonroutine

'mental sental o '

operation operation

2

at Fact JI Deur , Guess Confused
f.

B+ B- D+ 8- II+ 8- 11+ B-

1 1 1 1 4

2 1 3 , 12

1'. 2
1

1 2 b 0 0 0 2 0 2 1 2 3 0 0 d

1 1

Insppropriite Strategies

-Uncod ;iv f °per. Not -ads

' 15. 3+ 15- D+ -D+ 1-- --,1riais_

0
a

(continued)



Routine Nonroutine
mental rental

Direct rodeling Coudting operation operation
,. . \ 10

F AO -DF Ild I Beur Guess Confursd--Unco4 __Giv I Oper. -Wot:sa:IC

. : , ------,- . !''._
W If B- I* 3- If 11-' If 3- If 5- 51- B- If 3- If 32 M. B- - If 3-: , IH-- -3- If 3- 34- 3- 3+ 3- _z3+-._ 3-= T:

.
.

Interview 2, Gride 2 _

1
2 .

- 2 7 ' l 1 2

3 2. . I. 1 t I

Total-, 11 1 1 0 . 2 0 0 , '0 0 . 3 1 0 0 1 0 0'

Interview 3, Grade 2



AppendikJ*

Task 6 --Joining, *Lasing addend (-)-) * ,

4P
Frequency of Doe of Strategies by Catigory, Cognitive_1/7e1, Task Level (BF, 3-4, Grade, and Interview

4

Direct- modeling

Routine .-----Menroutine

-lentil

Counting operation- operation--___
.

Ical,propriate Strategies

Trials-

MA DF DT f Fact aeur _Guess .`'.611fused _

-_

Unbod---

-_E
_

biv t- Oyer_

-3+ '10- 3+, 3- 3+ F-3- 8f- 3- 36 3- 3+ 31- 3-° B+ 8- 3+ 8- .31- 3- 31-- 3- 101- 3-
--

interview 1, Grade 1

-,Cognitive Level

3 1 -1 2 .1

'.3 1 2 1

3 1 1 1
,

-

Total 7 0 0 *0 0 0 0 1 0 ; 0 0 3 5 0 0 1 2 2 ,0 °D 0 0

Interview 2, 'Grade 1

,z,,

I ' I 1 1 1. 1

2
.

2
, 1 1 2

3 1 1 1

Total .- -6 0 0 0' 0 0 0 0 0 0 0 2 1 0 0 2 2 0 1 1 0 0 1 0

Interview 3, Grade 1

1 3 2 3 1 6

'2 2 2 . 4

3 1. 1 . 1 2

Total' - 6 0 0 0 ,0 0 0 0 0 0 0 5 6 0 0 1 0 0 0 0 0 0 0 0 0 0_ 0 0 0 12-

Interview 1, Grade 2

1 2 1 1 1 -

6 ar 2 1 2 3 2 2 12- -_

3 1 2 1

Total 10 0 '0 0 0 I 0 0 2 4 0 0 4 3 0 -0 1 0 1 1 0 0 0 0 0 1 20

WIIVI.(71.0.10101,......
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Appendix Be (continued)

S.

\

.
r

Direct modeling

F T MA AO

---111 b+ a- 3+ 3- 3+ 3- ,11.4- c-

1

2

3
Total

2

7

2

11

1

1 0 0

.

0

1

2 2

1

4 2

1

2

- 2-
Total ' ,

2

.6'
2 't

10 0 /0 0 0 0 0

1 1

1 1

2 2

D1
3+

iY, .

4
0

.6

.
0

Routine Nonroutine
mental ' mental

Coto Ong 'operation' opera.lon Inappropriate Strategies

iris

_
..

-DG DT / Pact" Deur.
-

Guess
f:

Confused Uncoil, Giv /

B-

Oper --- Not allm

8- 3+ 3- + B- 3+ I- b+ 1- 3+. b- 3+ `b- 3+
,t7"---1-

IS- , bf 7* 3- 3+
..

3--

Interview 2, Grade 7

o

1 2 2 2 1 .1 1 _

0t. 1 1
4

0 1 4 0 0 3 3* 0 1. . 1 0 0 0 1, 0 0 0' 0 0 0 4 22;

Interview3, Grade 2

1
t 4

1. 2 4. 3 o 12

1 1 1 , 4

1 2 2 0 0' 5 4 1 -0 0 15111 0 0 0 . 0 0 0 0 0 0 20

0
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Appendix 37

Task 1 Joining (+)

C

Frequency -of Use of Strategies Category; Cognitive Level, Task Level (C+, C-), G and Interview

Routida 'Nonroutine

Direct menial mental

modeling =Counting' .opsration _operation
.....---,

Inappropriate Strategies

7' . .

CA. CS CU b # Tact A Sub Heur Guess Confused 'Uncod Giv Oper Not ado'

a N C + C- ; 1 > + C- C + Cw C+ C- Of C- C+ C- C + C- C + C+ 'C- C + C- C + C- :C - Trials

',Interview 1, Grade =l X
7

. ,

Cognitive'Level
1 I

1 3 2 1 1 1

.2 3 2 1.

6 1 k
Total 7 S 3 0" 0 1 6 0 Q 0 0 1 0 0 0 0 0 0 1 0 0

1 3 2 '

2 2

3 ' 1, 1 ,

Total 6 . '5 0

"44

Interview 2, Grade 1,

1
0

o 0 0 0. 1

3 2

2 2 1 1 1

3 , 1 1

-TZtal 6 3. 1, 1 1
o

1

1

0 . 0 0 0 0 2 O.

Intep4ieW3, Grade l

0

0 0 0 ' 0 0 .C}

Interview 1, Grade 2

1

1

0 0 0 0 0

1

A 1 0 1 0 0 0 0 0 0

0

1

1

3

6
'6 _

2

14-

1 2

4

.4

1 2 . 12.-

/

TIL
2

4-
,

A 2

_O 2 nl2

1 2 1 ,
2 6 . 4 3 - 1

3 2 , 1 __,i 1 . 1 . 1

Total JO. 6 4 0 0 0 1 1 1

0 .

0 0 0 0 0 0 0 1 0

r

2

1 /0 0 1 2 .2

(dOntipued )



Task 1 (continued)

-

Direct
madding. Counting

Routine
mental
operation

Nonroutine
_mental

"t
operation. Inappropriate Strategieiv

?

t CA CS CL # Fact . Sub Deur - Guess Confused Uncod Giv::# Oper Not adm -_'
b

N Cf C. C + C- C+ C - C + C- C+ C- C + C- c+ C- c + C- c+, c - c + 0- Cf c - -c+. c- Trials.:

Interview 2, Grade 2

. 1-

1 G° 2 1 1 . 3. 3. 4

2 7 6 I 1 1 1 1= 1 14

3 2 i I I I 4

A Total 11 *8 . 2 0 1 1 1 0 1 0 0 1 2 0 0 0 1 0 0 0 1 0 1 2 ..22.

Interview 3, Grade 2

1 2 1 1 4

-2 5 4 1 1 1 12

3. 2 1 el 2 1
)

4

Total 10 7 4 0 0 0 2 1 1 0' 0 1 1 0 0 0 0 1 0 0 0 0 0 0 2 20

Interview 1, Grade 3

2 4 1
A

1 3 1 2
1

tg

3 8 .2 2 1 I 1 2 3 1 1 2 16

4 8 1 3 2 2 3 2 1 1. 1 16

5,6 7 1 2 6 . 1 3 1 .
14

Total 27 4 2 -.2 5 5 13 8 3 0 0 7 4 1 0 0 0 0 0 Oa 0 0 .0 0 0 54
Rs

Interview 2, Grade 3

2 4 2 1 2. .3 .8

3 8 2 2 1 2 3 4 2
/

16

- 4 . 7
4,

1 2. 1 4 3 I I 1 0
. 14

5,6 7 1 1 . 6 6 j.4

Total .26 A 2 1 2 . 0 6 5 15 16 0 0 1,, 1 0 1 0 0 0 2 0 0 0 0 0 0 52.

1.33
1

(contiAued)
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,Task 1 (continued)

z

Direct
modeling

".CA

Counting

Routine 'Nonroutine
mental mental
,operation operation .

r

Inappropriate Strategies

.
CS dL '1 Fact Sib Heur

r
- Guess Confused Uncod Giv 1 Oper' Not ada. _ _

N C+ -t- C+. C- C+ C-, C+ C-' 04: C- 0+ C- q+ c- c+ c- c+x c- c+ c=- c+ c- .c+ c-

20 4

3 8 1,

. 4.

r 2

f

-1

1

'5,6 7 '

Total 26- 0 0 3 2'
, .

. .

1 3 1 1 1

2 4 5, 2 1

4 1 4 2 1 2

2 2 4 4 1 1

4 8 16. '9 0 0 3 5 0 0

Interview 3, Grade 3

-. _
.,

a
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Teak 2 Separating ( -)
411

__Frrosney of use of Strategies -by categorys CognitivetLevel, Task Level.(0*, C-), Grads, and Interview

Direct &Melina

0

Counting

Ioutine Nonroutine
mental mental
operation' ,operation Inappropriate strategies.

>
I

. MA AO CT UG 1 DT f Fact Heur Guess Confused Uncoil Giv Oper Not ads

C+ C- C+ C- 0+ C- 0+ C- -C+ C.: C+

Cognitive Level

2./

2

3

-Total

3

3

1

7

2

1

1

4

.'2

1

3 0 0 0

1

1

1

1 0 0 0

1 e. 3

2 1

3 1e 1

Total 6 4 0 0' 0 0 0 1 e .0 0

4

1 3 2

2 12, 1

3 1 1,

Total' 6' 4 0 0 0 0 0 0 .0 . 0 0 0

/ t

1 2 1

2 6 6 3

3 2' 1 1

Total 10 8 4 0 0 0 '0000000'00

0+ C- 0+ C- C+ C= 0+ ,C- 0+ ,C- 0 C- Of C- 0+ C- Of C-, Tri

Interview 1, Grade 1,

1

1

0 . 0 0 0 0 0 0 0 0 2

I

Interview 2, Grlde 1

4

,0 b 0

0

0 0' 0 3 0

Interview 3, Grade 1

1

1 1

0 0 ' 1 0 0 0 0 2 0

i

Interview 1, Grade 2

qt.

f

0 0 0 0 0 0 0 0

I
1

3

1

1

.
0 0 0 0

1

1

2

1

1 q 0

1

1

1

1 0 0 0

2

1

1 1 .

1i ,

L

14

6

4

.12

4
41

12

1 1 4
. t

0 1111 '0101 0 0 0 0 0 2 20
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Task 2 (coritintsed)

Direct sideling

F.

Counting

MA AO- DF UG OT

*

Routine Nonroutine

',mental mental

operation operation Inappropriate strategies

'7 .

I Fact Ilea- Guest- Confused Uncod Giv I -- Oper _ Not ads- - _
N OF .C- C+ C- Ci C- Or C- C+ C- C+ C- C+ C- C+ C- C+ C- C+ -C- C+ C- C+ C- C+ C- 04 C- C+' C- Trials

Interview 2; Grade 2

I

2

3

Total

2

2

11

,- 1

5'

1

7

2

.

2

,

0 0 0 0 0 0 0 0

gt

1

1 0 0 0 0

1

1

1
1

1-

.1

1

1

1,

1 0

I.

1'. 0 3 0, 0 0 0 1

Interview-3, Grade 2

' 1

2

'2 2
1 1 1 1

'3 2 ,

1. '2 1
.'4

Total 10 6 0 0 0 0 0 . 0 0 1 2 0 .0 1 '2 1 "0 0 0 0 0 0 /2 20

Interview 1, Grade 3

2 4 1
1

1 1 1 1 1

3 4 8
s

5 ../-
2 s 3 1' 1 1 2 1

4 8- 2 1 3 2 2 1 1 3 1

5,6 1 5 ,, 1
i 1

2 1

Total - 27 13 0 I 0 0 0 , 0 1 6 7 5 3 0 0 4 1 6 1 4 0 0 0 1 0 1

InteiView 2, Grade 3

o

"o

4 1.
3 2

i

1 1 \i 8,

.3. 8 3
1 3 2 3 1 1 1 1 -

16
-

4 -7 2,
2 1 1 2 2 3 1 14

5,6 7 2 1
1 2 4 2 1 1

...
14_

'Total 26 7 1 0 0 0 0 0 1 2 2 4- 9 0 0 9 9 1 1' 1' 2 s' 0 0 2 1 0 0 0 0 0 - 0 52
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Task 2 (coatiatss(1)

4

4 1 1 2, 1. 2 1 1

8 1 1 2 3 ti5 3 1 2 1 ...

4 7 1 2 3 1 1'3 1 1 3.

5,6 7 1 2 2 2 3 "2 1 1" .

iota 26 1 1 0 0 0 0 0 . 0 3 4 4 5 0 0 11 8 4 6 1 1 0 0 1 0 1

V
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Frequency of Use of Strategies by Category, Cognitive Levek, Task Level (C+, C -), Grade, and Interview

Appendix 119

Task 3 PPS. missing addend (-),

-7bfrect modeling Counting

Routine # Nonroutine
mental \mental
operation operation Inappropriate-strategiesc

2

T A0 Di VG r DT # Fact Neur Guess Confused Mood GSv # Oper Sot ads

p Cf C- c + c- c + c- c+, c- C- Cf c- C- C- Cf Cf c+ c+- _or- 04:_- Trials

Interview 1, Grade 1

Cognitive LeV41

2

3

Total

3

3

1

2

2,

1

5

2

, 2 t 0 o'o 0 1 1 0 0 o'o 0 0 0 4.0'

1

.1.

1

1 . 0 0 0 C.

k

0 0

1

1-,

AV

Interview 2, Grade 1

1 3 2 1 1 2

2 2 1 1 1 1

_ 3 1 1 1

Total 6 4 1 9 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 2 12

1 6
Interview 3, Grade 1

1 3 2 1
2 6-

2 2 1 1 1
1 4

3 1 / 1
2

Total 6 4 0 0 0 0 0 0 0 1 0 ' 0 -.1 0 0 1 '0 0 0 0 1 0 1 0 0 0 0 2 12

Interview 1, Grade 2

2 1 44,

2 6 6
2- 1 12

3 2 2 1
4

Total 10 8 .2 0 0 0 0 1 0 0 1 0 0 0 1 0 1 0 0 0 3 0 0 0 0 0 0 1 2 20
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Task 3 (conttinuet)
1,

3-

Routine Monroutine
mental *natal
operation operation Inappropriatestrategies

1

2

AO D0 1/0 DT 0 Tact Rear Guess Confused:- Mood Ciw Oper Not=idot

0+ C C+ C- C- 0+ C- C+ C- OF C- 0+ C- C+ C-, C+ C- OF C- Of C- 0+ C- OF C- C+

,Interview 2, Grade 2

1 2 1
1 4-

,
--2 7 5 t2

.
1 1 1 1 1 1. 1 14

3 2 1 1 1 1
4

Total 11 7 2 0 0 0 0 1 , 1 0 1 0 0- 0 0 1 ;a 0 2 0 0 0 1 0 2 0 0 1 2 -22

1. , 2 1

'2 6 4 1

3 2

Total 10 5' .11 .0 .0

4 2 , 1 1- 1' 1 1 1
8

8 5 1 1 1 1'- 4 1 1 1
1 `. 16

.E,
4 , 8 , 2 1 1 3 3 , 1 2* 2 1 16

5;6 7 5 1 3 1 2 2. 14

Total 27 14 , 0 0 0 0 0 0 i 3 3 4 11 1 . 0 1 4 3, 5 1 1 0 0 0 1 0 0 0 0 0 0 54

Interview 3, Grade, 2'

1

2 2 1

1 1 1 1

0 0 1 0 1 0 0 0 3 2 1 1 0 6 1 0 0 .0 0 0 0

1

Interview 1, Grade'3

, 2

12
_4.

20

Interview 2, Grade 3

2- 4 2 1 1 1 1 .1 - 1. 8

3 8 3 1- 1 1 3 4 1 1 k 1 16

4 7 1 1 1 2 3 1 1 1 1 1 1 14

5,6 7 1 1 ; 3 2, ' 3 4
14

Total. 26 5 2 0 0 0 0 .0 1 3 '40 5 6 0 0 10 10 . 2 2 0 2 0 '0, 1 3 0 0 0 0 0 0

(continued)
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Task 3 (continued)
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Routine Anrouiine

4
,

men.tal rental ,

Direct modeling Counting operations operations Inappropriate strategies

.
.

' 'I

F T NA ' AO ' OF DC DT 0 Fact Heur Guess Confused Uncbd - Civ 0 .Oiler_ -, Not ada--

N C- c- OF C- C+ C+ C- C+ C= C+ C- Of C- C+ C- C+ C- C+ C- 0* C- C+ C- Of C- OF G Trials

Interview 3, Grade 3
-

/

2 4 1
6.

1 1 1 1 1
1

3 8 2 1 2 3 4 3 1

4 . 7 1 1 1 2 4 1 '1 1 ° 1 1

5,6 7 , 1 3 6 4 14

Total 26 . 3 1 0 0 0 0 0 0 1 0 4 7 0 '0 13 12 2 3 2' 2 0 1 0 0 0, o. 0 0 52
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Appendix B10

°Task 4 PPW (+)

Frequency of Use of Strategies bY Category, Cognitive Level, Task Level (C+, C-), Grade, and Interview
0

4

RoUtine 'Nor.routine
'Direct mental. mental
modeling Counting operation operation Inappropriate Strategies

4 ? ',

CA CS CL i Fact Sub Deur Guess Cpnfused Uncod Giv I Oyer Not ads ,......-
. . -.

N C- C* C- C+ C- p+ c- Of C- C-+ C- C+ C- C+ C- Of

- Interview 1, Grade 1

Cognitive Level
-- -

1

2,

3'
4,

pill

3
3

1

7

2.

2

1

: 5

2

1

3

Y

0

.

0

1

1 0 0 0 0 0 0 0

1

1

1

1 0

Interview 2, Grade 1

1 1 1

2 2 2 2

3. 1 1

Total 4 2 0 0- 0 -0- 0 0 0 0 0 0 1 0 0

Interview 3, Grade 1

1 4 3 2 1

2 2, 2 2

3 1 1

Total 6 4 0 0 0 1 2 0 0 0 0 0 0 1 0 0

r
Interview 1, Grade 2

1 2 1

2. 6 6 3 1 1 .

3 2 2 1 1

Total 10 9 4 0:1 1 0 G 1 0 0 0 0 0 0 0

( 0

0 0

1

0 0

C - C+ C- C+ C- Of C- Trials

0- 0 0 - 0 0' 0

1

1-

1

3

6

6

2

14

. 1 3 6

, 4.

1 2

0 0 0 0 0 1 4 12

2 6

4

1 2

0 0 r 0 0 0 3 12

2 4

1 12

4 j-,
CD

0 0 0 0 0 1 3 20 4
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Task 4 (continued)

151

Routine Nonroutine

Direct aental mental

modeling Counting operation operation Inappropriate Strategies

*

CA CS CL . # Fact Sub ° Meur Guess Confused Uncod Giv I Oper Not ads

Cam" C= 7,4-C+ C- C+ C- 0+ C- C + C- C + C + C- C + C- 0+-- 0- C + C- C+, C- , Trials--

Interview 2, Grids 2

A 1 2 1
1

1 1 -4

2 7' 6 1 1 1 1 1 1 14
. .,

3 2 1 1 0 , 2

Total, 11 8 1 1 1 0 1 0 0 0 2 0 2 0 0 1 1 0 1 .0 0 1 2' 22

Interview 3, Grade 2

1 2 2

2 4

2 6 5 3 . 1 2 1 '12

3 2 2 2 '

4

Total 10 7 3 0 0 0 2 1 2 0 0 2 C 0 0 0 1 0 0 o 0 ,e0 0 Q 2 ' 20

. 'Interview 1, Grade 3

2 4 1 2- 2 1 1 1
(

,
3 8 2 5 4 1 3 1

V
., 16

'4 8 3 2 1 1 1 2 2 7,..1 1 1 1 A '
16

"5,6 7 3 1 3
..7

4 1 2 .
14

Total 27 9 2 1 2 10 11 4 7 0 0 1 1 1 2 0 0 1 2 0 0 0 0 0

0
Interview 2, Grade 3

, v

2 # "44 3 2 2
8

3 8 1 3 3 ' 4 1 1
s 16

4 7 2 1 1 4 4 1" 1 41
.14 '

. 5,6 7 1 1 1 1 4 5 1
14

Total 26 4 1 0 2 7 10 13 11 ' 0 0 1' 1 1 0 0 0 0 1 0 0 0 0 0 0 52
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Task 4 (cnntfnued)

4

'

N

Direct/
aodelii Counting

Routine
-.mental

operation

Npnroutine
sent!).

operation StrategiesInappropriate

--IN

sh

R
g s _ CL s, Fact Sub Heur Guess Confused Uncod , Giv I °per- Not ads

Of C C+ C- of
4.-

C -'

--7,----,

-of c-

.

of c- c+ _c- of C- c+ C- of C- c+ ct.- of. c-- C.f.- ip,
mi.

_ . _

Interview 3, :Grade a

2 l' 1 1 1

3 ' 8 'S 3 2 4 1 1
,

16,,

`4 7 2 '2 1 1 3 2 1 2
.

' .414

5,6 7 2_ . tS
6 1

.. ,

-14

Total 26 .0 3 2 10 5 11 13 0 , 0 1 3 0 2 0 . 0 1 1 0, 0' 0 0 0 _O , 52=
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Task 5 Compacts& (-)

/.----N

"Frequency-of Uoe of Strategies by Category, Cognitive Level, Task-level (C+, p-), Gride,lad"Tnterview

Direct "'doling Counting

Routine Nonroutine

mental mental

operation operation ,
Inappropriaie_strategie*

o
r" .5

, .
: ?

I ' KA AO DF UG ''

.

-DT f Fact Deur Guess, Confused _Utica! ' 0 Giv-if Oper Not *dm

. _

V C+ C- o C- C+ c- c+, c- c+ c- 0+. cr c+ c- 0+ c= c+ c-- c+ c- c+ c- c+ c- c+ C- c+---c-__-__c+ C- Trial.
- ...

Interview 1, Grade 1

ongaitiveLevel

55'

1 f. 3

2 3

3 1 1

Total T
, 1

3'

2 2

3 I 1

Total 6 1

1 1

0 0 0 0 '0 4 1 0 0 1 0 C 0 0 0 1

Interview 2, Grade 1

1

0 0 0 1 0 0 0 0 ,0 0 0 0 0 0 0 I, 0 2 0 0 1` 0

,1 , 3 "
1 1 1 4

2 2
- 1 I

1 4.',

3 1
1 , * 1 /2

Total, 6 0 Q 0 0 \0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 O. 0 .2 0 0 0 1 5 12 I

.Interview 1; Grad 2

,Interviews 3, Grade 1

1 2

2 6 2 1 1 1
c

3 2 1
1

Total 10 3 1 1- 0 0 0 1 0 .0 1 0 0 0 0, 0

1

0 C 1 0 0 0

2 2 1 '-.
-1 ,.: .

0 . 1,.. '2

3, .2 0 0 1 3 14

1

1 4

2

1 0 0 1 4 12 '

1
1 2 4

. 1 1 1 2 1 1 ,12

1 1 4

2 2 0 1 2 1 0 0 1 3 20.
--!,
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Talk 5 (continued)

'04

Counting

- *tine Nonroutine

mental mental '

operation operation Inappropriate strategies

?

MA AO DF UG DT I Fact Heur Guess Confused- Uncod Giv - 0per Not ad.

C+ C - ,,C+ C- C+t C- C+ C- C+, C- C4 C- 0+ C- C+ C- C+ ,C- C- C+ C- C+' C- C+ C- C+ C- C+ C- Trials._

-.. Interview 2, Grade 2 ;.

1 2

-1 2 4

2 7 2 .
2 1 1 1 1 2 1 0 0 0 2 14-

3 2 1 2
1

i 4

Total' 11 '0 0 0 2 0 1 0 b 0 1 4 0 0 0 0 0 0 0 0 1 1 2 1 3 1 Y. 0 0 1 . 4 22

Interview 3, Grade 2

1 2
1 2

2 6 2 1 1 1 . 1 3 2

3 2
2 1 1

4

Total 110 0 0 0 0 2 0 1 0 0 3 Nlioo 0 0 0 2, J1 1 0 0 0 4 2 0 3 20,

Interview 1, Grade 3

.41

2 4 1 D
1 1 . 1 ' 2 8 --

3 .8 2 1 , 4 1 1 3 2 1' 1 t 16 '

4
i

8 2 1- 2
-. 2 1 2 2 1 1.

2 16

. 5,6 , , 7_ 1 1 1 1 1 3 5 1'
e.,

14'

Total ! 27 4 0 1 1 5 0 1 1 4 1 0 8 10 0 0 3 5 2 0 1 2 0 0 0 1 0 0 .0 Q 54

2

Interview 2, Grade 3

,

.

.2 4 1 1 1.- .. i 1' 1 1
,

3 8 1 1 3 4 3' 2 -1 .. 1 16

4 7 1 .
1 1 1 - - 1 2 '4 1 1 .

e

14

3,6 7
x

1 ' 1 3 4' 3 2'

14

Total 26 `3 1 0 0 , 3 0 0 0 0 1 8 -10 0 0 9 9 1 3 0 1 0 0 2 1 0 0 0 0 0 0 52
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Tas0 5 (continued)

\
\

r

\
.

Difict modeling , . Counting
%

Routine Nonroutine
mental mental
operation operation Inappropriate strategies

O . ? tf.

0 F. 1 HA AO_ DF DG DT ' Fact - Heur Guess Confused 'Uncod ci4 t Oper Not'adm

II Of C- C+ C- C+ CA C+ C- C+ C-\C+ C- Of C- C+ C--. of c- C+ 0:- Of C- 0+ C- C+ C- C+ _C- C+ C- -Trials7s.
.---t-2-- ------- ,,_ -_--

1,, '
Interview 3, Grade 3

2 4 1 % 1 1 1 1 % 1 1 CH
s

.

3, 8 2 4 4 3 1 l''' 16

4 7 1 ' 2 3 3 2 1 1 1 ,o
14

5,6 7 3 2 4 5
14

'final 26 1 0 0 ; 0 0, 0 0 0 1 0 8 10 0 0 12 11 1 2 1 2 0 1 1 1 0 0 0 0. 0 52- -
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Task 6 Joining, alining addeqd

frequency of Use of Strategies by Category, Cognitive Level, Task Level (0+, C-), Grade, and Interview

,--N
.

o
Routine

s mental '

Nonroutine
mental

Direct nockelitig Counting operation operation c Inappropriate Strategies.

0 ,- ?

r Ti.2 MA AO DV UG DT I Fact Heur Guess Confused Uncod Civ IP Not ads

',C.+ C- Ck C- C+ C-
--.----
C+ C- C+ C- 'IC- G+ C- C+. C- C+ C- C+ C- C* C- C+ C- C+ 'C- C+ C-4

Interview 1, Grade 1

Cognitive Level

1 3 1' 1 1 1 1 1

2 3 2 l' 1 1 1

3 1 1 1

Total 7 0 0 0 0 0 0 - 4 2 0 0 0 0 0 0 0 0 1 1 -0 0 0. 0 1 1 1 3

Interview 2, Grade 1

1 3 1 1 3

2 1 1 1

3 1 1

Total 6 0 0 0 0 0 2 0 0 1 1 0 0 0 0 0 0 1 0 0 -0- 0 1 6
r

4

Interview-3, trade 1

1 3 1 1 k 3

2 2 1 1 1
))"

' 1

'3 1 1 1

Total 6 0 0 0 0 3 0 0 0 1 ,1 0 0 1 0 "o 0 0 0 0

Interyieci 1, Grade 2

1 2 1 1 2'

2 6 2 2 2 . 1 1 1 1 1 1

3 ,' 2 1 2 1

Total 10 0 0 , 0 '0 0 2 3 0 o 4 1 0 0 0 0 0 0 1 1 0 1 1 0' 1 1 1 3

no
(conpinulA)

11,
162

l'rials
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2
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6

4.
2
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6

2
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4
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4
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Task 6 (continued)

.

.

Direct modeling

Routine
mental

Counting operation

hzinroutine

mental
operation Inappropriate Strategies

Trials

P 'T MA AO DP IIG Di I, FaCt Neur Guess

?
Confused Uncod Giv # Not ads

N C+ C- .04- C-' C+ C- 04- C- C+ C- C+ C- 0+ C- 0+-- C- C+ -C- 04- G- C+ C- C+ C- 0+ C- C-1- C-

Interview .2, Grade 2

--I . 2 1 .
C) 1 . 2 4

2 7 5 1 1 1 1 1
4 14

3 2 . . , 1 --1 1 1 4 .

Total 11 0 0 0 0 0 0 6, 0 0 0 2 1. 0 9 2 1 0 2 0 0 0 1 0 0 0 0 1 6 . 22

Interview 3, Grade 2

1 -", 2 1
1 2 4

2 ,6 5 1 , 1 2 1 1
3 12

3 2' 2 2
4

'Total 10 0 0 0 ' 0 0 0 5 1 0 0 4 4 0 0 0 1 0 0' 0 0 0 0 1 1 0 0 0 3
. 0

Interview 1, Grade 3

2 4 1 1 3
. 1 1

8

3 a 1 1 2 2 1 3 1 1 2 1

1.' ,
16

4 8 1 1 2 3 1 2 1 1 1 1 16

5,6 7 3 1, 3 4 2 1
14

Total 27 3 0 0 0 1 0 5 3 0 ' 8 12 0 0 2 7 4 3. 3 1 0 0 1 1 0 0 0 0 54

4

Interview 2, Grade 3

2. r 4 1 3 2 1 1 8

A .

3 a 2 3 5 5 " 1 16

4. 7 . 1 2 4 4 1 1 1
14

5,6 7 3 5- , 4 2

Total 26' 0 0 0 0 0 0 0 0 0 0 6 11 0 0 16 13 1 1 1 lool000 0 52
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Task 6 (continued)

. Routine Nonroutini

mental mental

Direct modeling Counting operation operation Inappropriate Strategies.

i

P- T MA AO DP VG DT f Pict Beur Guess Confused Uncod' I ,Notadm

N 0+ C- C+ C- C+ C- C+ 'C- sC+ C- C+ C- C+ C- C+ C- C+ C- C+ C- C+ C- C+ C- Of C- C+' C- Trials,

2

3

4

5,6

4Total

Interview 3, Grade 3

4
' 2 2 1 1 1 1

8

8
1 3 5 3 2 1 1 t 16

7
2 5 4 1 1 1 14

7
1 2 6 5

14

26 0 0 0 0 0 0 0 0 0 0 4 9 0 0 17 13 4 2 0 0 0 0 1 1' 0 1 0 0 52
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Appendix 113

Teak 1 Joists' (43
3froaunsey of Co. of tttttt pies by C4tosoty. Cognitive 14.41, Task Lend (0,27. and louvre/to

s

do seetwco Corlett &totem. lutorrott soatosco

DireeL
sod41 COtasialt Rootless annul op. 144010uttue mental op. Inapproptiote Alsotithnie Noe 41totitimit

I
.7'

Ou.41
CA CS CI. If 42. AA 1" Ss.? bout Cowls Confused Osto4 Civ Opal AL/OP AA/OP hot 41e AL 'LA (.11 other teatesits/ (411 strategies)

!Pt DS ltDIDIDIDID1 _01 DS D 1 DED 1 DtD 1 DI DID SD It D 2 0 1 Trials

latort1ev 1

CoPitive Levet
2 4

3 11 1 1 1 1 1 2 2

4 7 1 1 1 1 1 2 1

' 1.6 7 3 1 1 e 3 3

Iota 24 3 3 '0 1 3 2 2 0 7 6

1 1' 1 3 2

1 .2 2

14 2 3

1 20000000011 00 0100000000 026 .900 O 1

14
0

14

O 0 32

Inventor 2

2 4 1 1 1 1 1

3 6 2 2 ' 1 4 2 i
4 - 7 1 2 4

3.6 7 2 3 2
.

total 24 3 2 0 0 1 3 2 - 0 $ 9 1) 0

. 1

1 1

1 1 3 2

4 3

n 0 1 0 0 1 7 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 9 6 0 0 O 1 O 0

12

14

14

41

lotetuieu )

2 4 1 1 3 3

3 11 1 12 2 1 3

, 1 1 1 2 1 1 1 ' 3 3

6.6 7 3 2
4. 3

tail 2610 0 0 1 2 1 1 6 7 0 0 0 1 1 , . 1 0 0 0 0 0 G 0 2 2 1 0 0 0 0 0 0 0 0 0 11 14 0 0

1-

O 0 O 0'

16

14

14
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Task 2 StPASAIIA6

'17poodoty of Pao of S tttttgias by Datums., Cosnitive Level. Task Level (0,1). awl Tatervic,

r.

. So 'attract Cornet meteors 4 latorract eseta4r
D1rect moist Cawitlas looting veinal op. So.routine rental op. Inappropriate Algorithmic Soe-algoririedc

Quasi P 1
7 2 NA MS DI - -GIG- . DI SP AL AA S Saar hear Cuss, Confessed &cod Cie 0 Op.r AL /07 AA/OP Sot *AA AL AA (All other SW) ( gift)..,...

i l l D S D I D i D I D i D X D I . D E D E D S D I D I D I D I D ! DIDIVAD / 0 8 0 1 -11 1 15 1 0 I T D X Trials
Interview 1

regaltine leve
2 4 1 1 1 1 1 1 1

3 S 2 3 2 2 , 1 1 1 1 2 1

4 7 2 3 2 1 ,2 2 2

3.6 7 3. 2 1 1
s 1

Total 26 10 11 0 0 0 0 0 0 0 4 3 1 0 0 1 0 2 0 0 0 0 0 1 0 0 0 2 1 0 0 1 0 0 1 0 0 0 0 0 0 0 2 3 4 0 0

Intetylow 2

I

16

14,

1 1 , 14

0 1 32

2 4 2 1 1 1" r 1

3 '6 2 1 1 1 1 ) 1

4 7 2 3 1 1 1 2 1

5,6 7 2 1 1 k 1 1 3, 2 1 1

Total 24 4 S O 0 1 0 0 0 1 1 2 0 0* 0 0 0 4 . 0 0 0 0 0 0 - 0 0 0 1 2 0 0 1 2 0 0 1 0 0 0 0 0 0 1 7 6 0 0 2 1

Interview 3

$

'12

14

14

4A

2 1 2 4

S 3 3 1 1 3 3 s 14

. ,'..,..mmoirl.....,L....*,, 2 11..................0..- -....= 14.1...,2.

3.6 7 1 1 1 1 t
t 4 14

Total 26 4 6 0 0 1 0 0 0 0 1 3 2 0 0 0 0 3 1 0 0 0 0 0 0 0 0 1 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 12 14 0 0 0 0 0 0 12
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Teak 4 IPS/. Soloing (a)

Tregonati of Ow of StrIltighla by Ca t *so ry. Cognitive Level. Task Level (D,g). and Intarelen

a

0 No sentence Cornet StattlIC. Incorrect **snore

Direct
andel CoortiAg Meths assist op. Neerontlat egoist op. Inappropriate Algorlthele Mon-slsorlthals

o
'

-Quasi
CL CS CL AL #.4 Slur hour Co.. * Col:ironed Uotod de 6 OPer AL/OP AA/OS Not ado AL AA (all ostler ttttttt las) (611 ttttttt les)

4 D I D O D Z e D L D g I D -6 D g D C0 4 ) 4 0 4 0 4D S g D D g Trial*

Iaterelen 1

CodaltIre Laval
2 1 1 1 1 3 1 6

3

%

6 1 1 2 1 3 1 2 4 16

4 7 2 2 1 1 3 4 14

7 2 I 1 1 2 3 2 2

rl
14

Ictal 26' 6 4 1 0 2 2 0 0 46 3 0 0 0 0 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0 2 7 10 0 0 0 0 V 0 32

Interelew 2

i, 2 4 2 1 1 2 1 a

3 6 10 2 2 2 2 1 1 1 12

. 1' 2 1 2 1

r
I 2 3 14

3,6 7 1 2 I I 1 4 4 14

Total 26 I 3 00441107 5 0000000000 oo 2 20011000,0 036900 0`-' 0 0 0 43

I

Intarelar 3

2 4 I 1 2 3 S

3 SI 1 1 3 2 1 1 2 4' 16

7 1 1 1 1 1 1 1 3 4 14

3.6 7 1 3 1 4 5
ci 14

20t.' 26 2 I 0 0 2 1 1 0 6 4 0 0 0 0 0 0 6 0 1 I 0 0 3 3 0 0 ) 0 0 0 0 0 0 0 1 3 . 1 6 0 0 0 0 0 0 52
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Task 3 Compartaos ( -)

Praise:icy of Corot Stra.*$1414 by Wago'. tolottlye Lmonl, T.4. !Aral (0.1), 444 Intent**

O

10.)

O

Nosastma*
4

Direct andel f Ccontln. butt.* vestal o. Noarmals* ...tal op. Inanropritall

Correct **DM*. /*correct seateacs

Alsorlthole Nco-algorltholc

puma
34 AO Dt 00 DT ft Al. AA a Seta haur Gus44 cosfu..a Cocoa cty I Op.r MAD 44/Of Not ado AL AA (all odwar tttttt 2,144) (all tttttt glee)

DED1DIDID1D3DID1DIDZDIDIDIDI D t osotot D.% D I DI otos D 1 D 1 Taal.

latervtes 1

C044401,4 Lee!
2

3

4

3.6

Total

4 1 2 1 ' 1 2

$ 1 1 1 3 2 %.**..

7 1 2 3 2

7 2 r 4 3 0.

26 3 4 0 0 0 0 1 0 0 1 10 a 0 Q 0 0 1 1 0 0 0 0 4 0 0 0 2 3 0 0

1

1 1

1 2

2

3 4 0 0 0 2 0 0 0 0

1 1

1 2

1

1 1 0 0 0 0 0 0

a

16

14
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12

Interview 2

2 4 1 1

3 6 2 3 2

4 7 2 1 3 2 1

12

2.6 7 1 2 3 2

14

14

Total 24330021.000010100001410000100010 00 110001000'0 03 2000 0 0 0 0 4$

. - Intents* 3
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1 16
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2.6 , 7 1 4 4 1 I I 1 1 14
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Task 6 Joining, .11104 .440.4 ( -)

frequent/ of Use of S ttttt gie by Category. Cognitive Level, Task Level cD,E), and Intetvity

No *entente

Counting Routine new., op. Nonvolatile eenta1 op. Inappropriate

4

Correct sentence Incorrect sentence

Algorithmic Scoelgorithnic

Paul 1

8 T MA AO Of US DT It AL At S Hour beer Culls. Confused Uncod Clv 0 Oper ALA, AA/0t Not .4. AL AA (611 other tttttt eel) (ell ttttttt glee).... .. ..IDEDLDIVIDLDIDE/AIDEDEDEDIDEDE DE DEDEOLDEDE DE WE D E . D I.

Interview I

Cogniti.e Level

2

3

. ;,6

Total

4

A

7

7

24

1

1

1 2

1

2 4

.

: 0 0 0 0

.2

2 0 C

1

5

4

5

0 15

2

3

4

9 0 0 0 0 0, 0 0 0 0

1

0 2

1

1

2 0 0

1 2

1

1 3 0 0

1

2 2

2 3 0 0 0

1

1 0 0 0 0

1

1

1

1

2

1

1

1

1

2 0 o o 0

t

o 0

Interview 2

2 a

.

1 1 r 2

3 6 , 1 1 1
3 1

4 7 3 I 2 1 1 1
1 2

5,6 7 1 1 4 5 2 1 er,

Total 24 4 1 1 0 1 1 3, 1 0 0 6 7 0 0 0 1 2 5 0 0 0 0 3 0 0 0 0 2 0 0 4 1 C 0 0* 0 0 0 0 0 0 3 0 0 q 1 0 0 0 0

Inter/lee 3

______

2 4 1 1
1 1

8 1 2 3 2 1 ) 1 0

4 7 2 2 3 1 1

3,6 7 1 1 a 4 2 1

Tots! 26 3 5 0 0 0 I 0 2 0 0 13 8 0 0 1 3 A 0 0 U 0 2 1 0 0 0 0 0 0 2 1 0 0 9 0 0 0 0 0 0 1 0 0 0 1 1 0 1 1

17'

8

16

14

la

52

$

12

14

14

4$

16

14

14

52



Appendix C

CODES AND STRATEGY CATEGORIES

1

1 7'9

123



BC CODES

Models

C Cubes

F Fingers

N 'No Act ion

0 Other

Strategies

CS Count On From Smaller

CL Count On From Large?

S SUbitizing

CA Count All

F Separate From

T ' Separate To

MA Match

AO Add On

DF Count Down From

UG Count Up From Given

DT Count Down To

HU Heuristic

#F Number Fact

GU Guess

Confused

UN Uncodable

GI Given Number

OP Wrong Operation

Errors
4

M Miscount

F Forgets Data

18O

A



11C4 STRATEGY CATEGORIES

1. Direct Modeling4--

CA, F, T, MA, AO

2.' Use of Countin

CS, GL, DF, UG, DT

3. it2211122 j:.L.).tai.....oitrats

4. Non-routine Mental Operation

S, HU

221.t.122:2PEI15S.

Gil, ?, UN, GI, OP

125



DE CODES

Models

C Cubei

F Fingers

H+ Horizontal Addition Sentence

V+ Vertical Addition Sentence

ti No Action

T Tallies

H- Horizontal Subtraction Sentence

V- . Vertical Subtrattion Sentence

O Other

P Picture

B Organizing Box

0 Number

Strategies

CS Count On Fmm'Smaller

CL Count On From Larger

-S Subitizind

CA Count All

F Separate From

T

MA

.Separate To .

Match

AO Add / On'

Count Down From

Count DoWn:To

. Count tip From Given

Heuristic

IF Number Fact

GU Guess

GI Given. Number

OP Wrong'Operation

AL Algorithm

DT

UG

HU

AA Additive Algorithm

AL/OP Algorithm /Operation

AA/OP Additive Algorithm/Operation

4
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Strategies (continued)

(Ica Quasi- heuristic CS

0:161 Quasi-heuristic CL

QCA Quasi- heuristic CA

QDF Quasi-heuristic DF

QDT Quasi-heuristic DT

k 14I1G Quasi-heuristic UG

'UN Uncodable

Confused

Errors

M Miscount

F Forgets Data

S WrongSentence*

A Wrong Analysis

BG Computational Error

CO Basic Fact Error

R Representational'Error
(
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DE STRATEGY CATEGORIES

1. Non- sentence /direct modeling

CA, F, AO, MA, T

2. Liollsointl.n&
CS, CL, DF, DT, UG'

3. Non-sentence/routine mental operation

#F, AL, AA

4. Non-sentence/non-routine mental o erations

H, QCS, QCL, QCA, QDF, QDT, QUG

5. "E22:sentete
GU, GI, OPi 1L/OP, AA/OP,.UN, ?

6. [Correct N ±, V± sentence /algorithmic

AL, AA

7. 'Correct 11±.., V± sentence /non - algorithmic

any strategy except AL or,AA

8. Incorrect sentence

any strategy
4 ,1

1

1
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A

4
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Appendix D

SUBJECT PROFILES

1

1

k

1_85

129
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